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1 Introduction
During the RAN2#99 meeting, there was an offline discussion on the configuration flexibility for NR filter coefficients. Since we could not achieve consensus, the chairman requested an email discussion.
[99bis#22][NR] Filter coefficients (MediaTek)

Discuss the configuration flexibility available to the network in configuring different filter coefficients and reporting quantities for beam measurements. Needs to discuss the scale of the problem, where the complexity lies, and potential solutions. Can consider the proposal for 2 coefficients in the quantity config.

Outcome of the discussion could be a draft LS to RAN4 for approval on the first day of the next meeting.

Intended outcome: Report and possible LS to the next meeting.

Deadline:  Thursday 2017-11-09
The email discussion consists of two phases. In Phase 1, we invite companies to analyse the complexity introduced by allowing configuration flexibility of filter coefficients, and express their views on the allowed flexibility in different cases. In Phase 2, we will find possible way forwards, which may be compromised solutions based on the discussions in Phase 1.
Deadline for Phase 1: Wednesday 2017-11-01
2 Discussion (Phase 1)
UE Complexity 
In NR, we have different measurement quantities (i.e. RSRP, RSRQ, RS-SINR) reporting for different RS types, cell and beam-level measurements, and different carriers. The number of filtering operations may increase due to number of measurement on beams with different RS types. Companies are also invited to provide their views on UEcomplexity, in terms of (1) coefficient configuration flexibility and (2) the number of simultaneous beam measurement quantity reporting.
As for (1) coefficient configuration flexibility, some companies argue whether allowing configuration flexibility of filter coefficients brings higher complexity: UE may need to perform the same number of filtering operations, either with the same or different coefficients for different quantities (i.e. RSRP, RSRQ, RS-SINR), RS types, cell or beam, measObject or high/low frequency etc. Companies are encouraged to provide the view about how thedifferent filters coefficient would affect UE complexity.
Q1: Does coefficient configuration flexibility (i.e. same or different coefficients for different quantities (i.e. RSRP, RSRQ, RS-SINR), RS types, cell or beam, measObject or high/low frequency, etc.) bring higher UE complexity? 
	Company name
	Comments

	Ericsson
	No, at least not higher complexity than an LTE UE.
In LTE, network can configure different filter coefficients for CSI-RS measurements(Cx events) and CRS-based measurements (A1-A6 events), i.e., different filter coefficients for different RS types. Also, in LTE, we have different filter coefficients per measurement quantity (RSRP, RSRQ and SINR). Hence, the network should have at least the same flexibility in NR as in LTE. 
In our view, as discussed offline in Prague with other companies, as in LTE, there is no UE complexity in having multiple filter coefficients in NR as that does not change the amount of measurements to be performed or reported i.e. it does not affect the number of filters that needs to be managed.

	Intel
	Yes, different coefficient for different quantities, RS type, cell and beam indeed allow the network to flexible to tune different parameters need. However, the more number of coefficient the UE supports, the more limit put into the UE implementation complexity. In LTE, the number of coefficient is very limited because the measurement is based on cell. In NR, number measurement is increased due to number of beams the UE has to measure, filter and process.
We agree with Ericsson that the number of filters that need to be manged is the same. However, there will be more testing effort because of many more variations with respect to configuration of different filter coefficient which we also want to avoid. 
[Ericsson] So let me try to understand if Ericsson and Intel are on the same page: there is no extra UE complexity in having more filter coefficients, as claimed during the meeting in Prague as the problem. The potential issue, which was not brought up in the meeting, could be the need for more testing, is that correct?
[Candy]: There is more complexity to the UE if the UE is required to perform more testing. Just to clarify during online discussion, Intel express our view that the number of filters may increase depending on the definition of RSRQ and RS-SINR on beam. After internal sync up with our RAN1, it seems that the definition of RSSI of each beam is different. In this case, the number of filter required will not reduce. We have made this clarification to multiple companies, and apologize if we didn’t to Ericsson. 
[Ericsson-2] We have different opinions here. My understanding was there we were trying to address a potential problem on UE implementation complexity due to number of L3 filters, not a concern on the number of tests that would need to be done. 


	vivo
	Slightly yes but not so urgent problem. The UE implementation complexity mainly depends on the number of filters. In NR, L3 beam level measurement is introduced, which increases a lot of process on measurement results.
Besides, same coefficient for different beam filtersmay have some benefit to design the filter in UE to reduce the implementation complexity. 
We can also compromise to have flexibility at the networkif the majority think different coefficients will not increase the UE implementation complexity. 

	MediaTek
	Not really. UE complexity mainly depends on the number of filtering operations to be performed, which remains the same whether the filter coefficient is the same or not. We do see some configuration complexity, but if NW can send proper signalling, this is not a big problem.

	OPPO
	Yes, we consider that different coefficient would bring some UE complexity to the UE and also agree that the number of filters matters a lot. However, for some cases, for example, on cell level, if the measurement quantities (RSRP, RSRQ, SINR) are different, or if the RS types are different, we can understand that different coefficient is necessary for cell level measurement results and higher UE complexity could bring some benefit. Regarding cell level or beam level, or even different measObject, we are not sure whether different coefficient parameters for filters are beneficial with introducing additional complexity to the UE.

	Nokia
	No, we share the view expressed above by Ericsson and MediaTek. It is actually the number of filtering operations that matter more. And this will remain the same, regardless of whether the same or different filter coefficients are used.

	Huawei and HiSilicon
	Not really. We have similar view with Nokia, Ericsson and MediaTek. We believe the configuration flexibility or the difference of the sets of coefficients of different filter types is not the driven factor of UE implementation complexity. The UE implementation is really limited by the UE processing power, i.e. the maximum number of the “parallel” filtering operations within a given period of time. The complexity is not really due to the difference of the coefficient sets or the filter type difference associated with limited number of different quantity types. The same set of the coefficients of the same type of the filter can be used for filtering the same quantity of multiple beams, while increased number of beams to be measured and filtered do require increased processing power.

	Qualcomm
	We think under the same number of total filters, same or different coefficients for these filters (at least for different measurement quantities, RS types, cell or beam) don’t make much difference in UE complexity. Our view on the case of per-measObject or high/low frequency could be found in response of Q7.

	ZTE and Sancechips
	Not really, we have the same view with Nokia, Ericsson, MediaTek, HW and QC, that the total number of filtering operations is the main issue which impact the UE complexity, not the same or different filter coefficient values are used. 

	Samsung
	We share the view of MediaTek that the number of filters is the main reason which increases UE complexity than having different coefficients. We should strive to reduce the number of filters.

Nevertheless, we think that in general configuration parameters, like different coefficients, should only be introduced if really beneficial and essential. For which measurements the different coefficients are really essential? We want to avoid the case that the same coefficients are used among some measurement but configured multiple times just for the flexibility of specification. 


/* Ericsson’s comment
In the Qingdao meeting, RAN2 has agreed on the following:


Agreements
…
8
Beam measurement (based on NR-SS and CSI-RS) can be included in the measurement report and can be configured by the network (i.e. network configures the UE to report beam identifier only, beam measurement result and identifier, or no beam reporting)
9: 
Measurement quantities can be configured by the network for beam measurement reporting. RAN1 to confirm the measurement quantities to be supported.
…
The term “quantities” indicates that that is more than one quantity, as in cell reporting in LTE. In the Berlin meeting, companies in RAN2 have agreed on the following:
Agreements
1:
Cells in the cellsTriggeredList are reported (i.e. TTT has expired and leaving condition has not been met, same as LTE) 
2:
Measurement quantity to be reported for cell quality can be same as trigger quantity or both RSRP/RSRQ. Measurement quantity to be reported for beam measurements  can be same as (cell) trigger quantity or both RSRP/RSRQ.
… 
A group of companies have suggested to analyse the UE implementation complexity and eventually revert the agreements. Such as analyses was agreed in Prague and led to this email discussion.
Ericsson’s comment */
As for (2),the number of simultaneous beam measurement quantity reporting, some companies argue that the total number of beams the UE may need to measure, process and filter can be quite large, if UE is configured to simultaneously report multiple beam measurement quantities.
Q2: How does simultaneously reporting of multiple beam measurement quantities impact UE implementation complexity?
	Company name
	Comments

	Ericsson
	In our understanding, it is unclear how simultaneous reporting could impact UE implementation complexity.
Network can anyway configure the UE to report cell level RSRP and cell level RSRQ and the UE has anyway to manage multiple beam level filters (at least beam level L1 filters) for this purpose. Hence, reverting the agreement does not seem to reduce the amount of measurements the UE needs to perform or beam measurements to be processed.
[Intel]: Agree that network can anyway configure cell level RSRP and RSRQ and the UE needs to have L1 filtering. However, in order to report beam level, an additional set of L3 filters for beam is required. This increase the UE complexity. Our intention is to solve the UE complexity issue when the number of beams measurement, filter management and processing scale.
[Ericsson-2] Thanks for the answers. I am still trying to understand in which way the UE complexity of handling L1 filters per beam is lower than the complexity of handling L3 filters. 
Also, not sure I understand why you consider the L3 filters as “additional” in the sense that I would expect that the measurements performed for the L1 filters per beam will be the same used as input for the L3 filters, i.e., the L3 filters simply introduce the memory aspect?


	Intel
	When simultaneously reporting of multiple beam measurement quantities are configured, the UE is required to maintain a separate L3 filters for beam for beam reporting. The number of simultaneously beam measurement quantities scale linearly with the number of beam measurement, filtering and reporting. 
For example, if the network configure RSRP cell level and report RSRP, RSRQ and RS-SINR for beam reporting. The UE will need to make additional measurement for RSRQ and RS-SINR on beams, 2 additional set of filters per beam are required. When number of frequencies, cells and beams measurement, this directly scale up the UE complexity and power consumption.
[Ericsson] I think I understood you sentence that “the number of simultaneously beam measurement quantities scale linearly with the number of beam measurement, filtering and reporting.”
However, your proposal in [1], to solve this potential UE complexity issue was the following: ONE reporting quantity per beam (RSRP, RSRQ or SINR) instead of multiple quantities.
I wonder if that really solves the complexity or the memory issues. Even if the standard restricts to one beam measurement quantity to be reported, as you propose, that would only reduce the amount of potential L3 filters per reportConfig linked to a given measId / measObject. In our view, the relevant issue you seemed to be concerned with is the total number of L3 filters to maintain which depends on number of measurements i.e. measurement identifiers with beam reporting you configure, isn’t?
[Intel]: Thanks for the technical question, By restricting the number of beam measurement quantity indeed reduce the UE complexity by reduce the number of L3 filters per beams. And it is corrected that our concern is the total number of measurement and filters UE needs to maintain, for that reason, we are also proposing option 4 in Q3.
[Ericsson-2] OK, thanks for clarifying. So option (4) in Q3 seems to solve this potential problem. From our perspective, it could perhaps be a valid way forward, let’s see the views of other companies.
One thing I noticed is that option (4) does not necessarily contradicts the agreementsto possibly define multiple quantities per reportConfig. Do you agree?


	vivo
	As shown in the measurement mode from 38.300:
For cell level measurement, UE anyway needs to perform measurement based on networkconfiguration, e.g. RSRP or RSRQ. L1 filters is always needed for cell quality. It is not anticipated to reduce this part of filters. 
But after introducing beam level measurement report, a number of L3 filters are needed. If both RSRP and RSRQ/SINR are configured for beam level measurement report, the L3 filter number will be doubled or tripled. This will increase the UE implementation complexity greatly. 


	MediaTek
	Our understanding is that the filtering operation can be done by general purpose processors, and thus the UE needs not to “physically” maintain multiple filters when UE is configured to simultaneously report multiple measurement quantities. However, more filtering operations are needed and UE complexity is increased.

	OPPO
	Based on the current measurement model, the filters for obtaining the beam level measurement report is separately defined, therefore, supporting reporting multiple quantities for beam level will increase the UE complexity.

	Nokia
	Probably this is not indifferent to UE’s complexity, due to the measurement model we have adopted several meetings ago (L3 filtering for beam reporting, etc.). Nevertheless, we would prefer to keep the agreements quoted prior to  Q2 subsection and perhaps leave this issue further to RAN4 decisions. As suggested above by Ericsson, Option 4 from Q3 + keeping the agreements could be OK.

	Huawei and HiSilicon
	We acknowledge there is a limit on the number of “parallel” filters can be supported by a UE due to limited UE processing power. If all the companies agree that the complexity issue is really due to this processing bottle neck and the limit is on the total number of “parallel” measuring, filtering and reporting operations. Then, RAN2 can request RAN4 to provide a minimum requirement on the maximum number of parallel beam measurement processing, which should be supported by a UE within a given period of time. Within this total number of parallel processing limitation, different quantity types and number of beams can be configured with full flexibility per network requirement. 

	Qualcomm
	We think that the key of this question is still the total number of necessary beam filters (including L1 and L3 beam filters). Restricted the number of useless beam filters will help reduce UE complexity and memory requirements. Thus, we think the key of this question is to achieve trade-off between total number of useful filters and mobility performance improvement with simultaneous measurements and reporting of multiple beam quantities (e.g. both beam RSRP and RSRQ). 
We think allowing up to two beam quantities (e.g. RSRP+RSRQ) per reporting configuration may become both useful for mobility management as these are complementary. But at the same time, we also need further restriction on number of total beam filters to reduce UE complexity.


	ZTE and Sanechips
	The UE complexity depends on the total number of filter procedures within a given periodicity, and the total number relates to measured freq number, cell number, beam number and quantities. Compare with LTE,  the beam number is newly introduced and will scale the impact much than other factors.So we think the parallel measured beam number is the key issue to reduce UE complexity.

	Samsung
	From the measurement model, we need L3 filters of Cell and Beams. 
If the network requests additional beam measurements, it will eventually increase the number of L3 filters and increase the UE complexity. 

Even worse, if the beam measurement quantity is not among the cell measurement quantity, i.e., beam meas. is SINR and cell meas. is RSRP, as Intel indicated, even UE needs additional L1 filters per beam. 

So, what we would like to propose are as follows: 
· Limit the beam measurement quantity to be chosen among measurement quantities configured for cell.
Limit the number of beam measurement quantities to be reported as one.


Flexibility of filter coefficient configuration
In RAN2#99bis, we discussed whether different coefficients can be configured in each of the following cases:
1. Different measurement quantities (RSRP, RSRQ, and RS-SINR): Many (21) companies express concern on the complexity [1] and propose to report only ONE quantity (configurable from RSRP, RSRQ or SINR) for beam measurement.
2. Different RS types (SS block, CSI-RS): Most companies support flexibility for different RS types
3. Cell vs. beam: Most companies support different filter coefficients configured for cell and beam reporting
4. Different measurement objects (frequency): Most companies preferred not to configure filter coefficients for each measurement objects. However, considering channel variation characteristics of different frequencies, companies propose to configure two sets of filter coefficients, and each measurement object indicates which set to use.
With the following questions, we invite companies to express their views on the flexibility of filter coefficient configuration, in each case.
Q3: To reduce the UE measurement scaling and complexity issue, companies proposed to report only ONE quantity (configurable from RSRP, RSRQ or RS-SINR) for beam measurement. Other alternatives were also provided during offline discussion. The available options are listed below. 
Options:






(1) For beam measurement reporting, configuration of RSRP and/or RSRQ is supported (as in RAN2 agreement)
a. RS-SINR beams measurement reporting is not supported in NR
b. The network can configure RSRP and/or RSRQ and/or RS-SINR for beam measurement reporting
c. The network can configure up to 2 quantity (among RSRP, RSRQ and RS-SINR) for beam measurement reporting 
(2) For beam measurement reporting, only one measurement quantity (RSRP, RSRQ or RS-SINR) can be configured
(3) For beam measurement reporting, only the same measurement quantity as configured for the cell measurement is reported
(4) For beam measurement reporting, there is a total number of beams measurement/ filters can be supported by the UE (may be RAN4 requirement, in this case send LS to RAN4)
What is the preferred measurement quantity configuration for beam measurement reporting? RAN2 may support multiple options.
	Company name
	Option
	Comments

	Ericsson
	Not reverting the agreement.(Option 4 could be acceptable for us).
Option 2/3are not acceptable as it has not been shown yet that it could solve the claimed UE complexity.

	Ericsson thinks that reverting an agreement at this point of time, when we need to complete EN-DC essential features, needs to be based on major technical problems. Unless these technical problems are clearly understood by all companies, Ericsson has a strong preference to not revert the agreements.


	Intel
	Prefer option 2 or 3. But option 4 is also acceptable. Option 1b is not acceptable to us
	We would like to focus on resolve the UE complexity issue. As a UE vendor, the more measurement is required means the more UE power consumption. The more beam measurement quantity reporting configured means the more UE filters and fast memory at the UE. 
When beam reporting is agreed, it is agreed based on availability at the UE. Therefore, RAN2 agreement is made because we think no additional measurement or complexity is required to add at the UE side. However, additional L3 filter is added later and more combination of configurable is added resulting is scalability in UE complexity. Therefore, we strongly suggest companies to find an acceptable solution.
[Ericsson] In our view option (4)does not contradict the agreement and could be acceptable.


	vivo
	Option 2, 
Option 3, 
Option 4
	If we canagree the complexity issue in Q2, it makes sense to revert the previous agreement. 
The UE implement complexity problem in Q2 has big impact on UE cost and power consumption.In order to reduce this complexity, we think some restriction on quantity reporting can be considered, e.g. Option 2/3/4. Actually, in our understanding,this will not have impact to network, since we can keep more than one measurement quantity (RSRP/RSRQ/SINR) for cell level measurement.

	MediaTek
	Prefer Option 3 or 2, but other option to reduce UE complexity is also acceptable. Option 4 should be accepted if no other consensus can be made
	· Beam measurement reporting is used (1) for NW to make more sophisticated handover decision, and (2) for UE to find a beam in target cell to perform random access upon handover. For (1), the measurement quantity for beam reporting should be the same as that for cell-level event triggering. For (2), it makes almost no difference which measurement quantity is used for beam selection. Therefore, we do not see the need of asking UE to report beam measurement based on both RSRP and RSRQ, especially at the cost of increased UE complexity.
· Our major concern is the UE complexity due to large number of L3 filtering operations for beam measurements. If companies do not want to revert agreements, we can consider other options to reduce the number of L3 filtering operations for beams.
· For Option 4: If the total number of beams to be monitored/filtered is regulated (e.g., by RAN4 requirement), the UE complexity will not be out of control. Option 4 should be accepted if no other consensus can be made, and we will send LS to RAN4, addressing the UE complexity issue.

	OPPO
	Option 2, maybe option 4
	We are not sure whether option 3 could solve all the problem, if all the quantities are configured for cell level measurement.
Regarding option 4, I agree maybe this could be an option, but we are not sure whether there enough time for RAN4 to check, and whether there should be a capability to indicate about the number of UE supported filters on beam level? 

	Nokia
	Option 1 (first priority)
Option 4(if favoured by the majority)
	Similar stance as expressed by Ericsson. 
Not sure what Intel is referring to by saying “…L3 filter is added later…” Measurement model was already agreed for several meetings when we have e.g. agreed in Berlin what is quoted above (i.e. “Measurement quantity to be reported for beam measurements can be same as (cell) trigger quantity or both RSRP/RSRQ”). So, we assume companies were aware at that point in time reporting both quantities for beam-level involves L3 filtering…

	Huawei and HiSilicon
	(A)+(C)/Option4
	If all the companies agree that the complexity limitation is not due to the different type of quantities, filters/coefficient sets, but the total number of parallel beam measuring, filtering and reporting operations, we should/need not reverse the previous agreement. Option 4 is the best solution: RAN2 can ask RAN4 to provide a reasonable minimum requirement on the total number of parallel measurement/filters a UE can support within a RAN4 determined time period. 
Now the issue raised is really due to that with exhaustively counting all the neighbouring cells/beams, the number of parallel filters can be explosive. However in the real practice, not all the neighbouring cells will be involved in the measurement, and not all the beams of the involved neighbouring cells need to be measured. So one more guidance we may get from RAN4 is what is the maximum number of the neighbouring beams should be measured to ensure the mobility performance with enough high confidence level.

	Qualcomm
	Option 4,
Option 3 and 
Option 2 are acceptable 
	As indicated in our response in Q2, we think the key issue is to achieve trade-off between total number of useful filters and mobility performance improvement. We think allowing up to two beam quantities (e.g. RSRP+RSRQ) may become both useful for mobility management as these are complementary. But at the same time, we also need further restriction on number of total beam filters to reduce UE complexity.
Option 4 seems to be a reasonable way-forward considering we have only 1 meeting left to complete NSA, i.e. the network can configure up to 2 measurement quantities per reporting configuration for beam measurement, but there is a total number of beams measurement/ filters can be supported by the UE (RAN4 requirement)


	LG
	Prefer option 4. Additionally,option 2 and 3 are also acceptable.
	Most companies agreed the total number of beam measurements/filters have an effect on UE complexity. So the maximum number of beam measurements/filters need to be restricted by UE capability.

	ZTE and Sanechips
	Perfer option4
	As we mentioned in Q2, the total number of parallel beam measurements is the key issue to reduce the UE complexity, and as we know, RAN4 is already discussing the minimum requirement of maxmimum measured beam number in NR, such like per freq level or per cell level, and we think the UE complexity will anyway be taken into consideration in RAN4, so we can wait for the progress in RAN4.

	Samsung
	(2) and it should be chosen among configured cell measurement quantities
	If we allow network to configure different beam measurement quantity out of cell measurement quantity, it would increase the L1 filters so we want to limit the beam measurement quantity to be chosen among measurement quantities configured for cell, and to limit the number of beam measurement quantities to be reported as one.
Since the beam measurement reporting is additional information which does not affect handover performance, we do not see the need of more than one measurement quantity in the measurement report. 


/* Ericsson’s comment
As a recapitulation, in R2-1710839, the following discussion about filter coefficient configuration has taken place and the following opinions were collected.
Discussion 3.4: For a given measurement quantity defined in NR (e.g. RSRP), companies are welcome to express their views on the following filtering configuration alternatives:
· a/ Same filter coefficients for cell measurement results based on SS Block, cell measurement results based on CSI-RS, beam measurement results based on SS Block and beam measurement results based on CSI-RS;
· b/ Different filter coefficients for cell measurement results based on SS Block, cell measurement results based on CSI-RS, beam measurement results based on SS Block and beam measurement results based on CSI-RS;
· c/ Different filter coefficients for cell measurement results (i.e. no distinction possible per RS type) and beam measurement results (i.e. no distinction possible per RS type).
· d/ Different filter coefficients for CSI-RS based measurements (i.e. no distinction possible for cell measurement results compared to beam measurement results) and SS Block based measurements (i.e. no distinction possible for cell measurement results compared to beam measurement results)
	Company 
	Please, try to justify your preference.

	NEC
	c/ Different filter coefficients for cell measurement results and beam measurement results:
Cell level quality can be considered same as LTE, while beam quality may need to be tracked more dynamically. So, it should be possible for the network to configure different filter coefficient for cell level and beam, but no need for RS type distinction.

	ZTE
	we prefer option b.

	Qualcomm
	We prefer b). Firstly, the purpose of cell measurement/reporting and beam measurement/reporting is different. Cell measurement is to decide when to handover, and beam measurement/reporting is mainly for network to provide a set of beam for UE to do RACH during handover. So, we think it could be different. For example, we could use L3 filtering coefficients with smaller factor a for cell measurement to get a more stable value. Secondly, different RSs may have different waveform and beam resolution, so it may be useful to use different filter coefficients for NR-SS and CSI-RS, respectively. 


	Nokia
	If a measurement object has RS of one type and if we allow to configure a quantity config per object then NW can achieve to have different filters for cell results/beam results etc. UE does not need to be aware of this distinction but this should be transparent to UE => UE does not need to know if one object is for beam or cell.


	MediaTek
	a/ or d/ 
1. Cell measurement is derived from beam measurements. They should be filtered using the same coefficients.
2. FFS whether to allow different filter coefficients for different RS types (SS block, CSI-RS). This depends on the structure of measurement configuration.

	CATT
	Prefer option d. For a certain RS type, there is no motivation to apply different filter coefficients for cell level measurements and beam cell measurements. However, different RS types have different characteristics, e.g. different periods; different filter coefficients need to be applied.

	Huawei, HiSilicon
	b/ L3 beam filtering and L3 cell filtering have different purposes. Also, the periodicity of SS and CSI-RS could be different so it should be possible to have different filters.

	Sony
	b/ agree with Huawei

	Ericsson
	We also prefer option b/. In fact, beam/cell level distinction simply follows the agreed measurement model from 38.300. To keep a similar level of configurability provided in LTE, where CSI-RS and CRS based measurements have different filtering configuration, we prefer to enable different filtering configuration for SS/PBCH based measurements compared to CSI-RS based measurements.

	Lenovo/ MotM
	We prefer b. Option d might also be sufficient (but it’s subset of b).

	AT&T
	We agree with comments from Qualcomm and Huawei. We support Option b.

	Intel
	Option (a) should be the simplest.

	Interdigital
	We prefer option b and agree with Qualcomm.

	LG
	b/ Generally, beam quality would be changed dynamically than cell quality, so separate filter configuration for cell quality and beam quality seems reasonable.In addition, different RS types may have different measurement periods, so the filter coefficient need to be configured separately for different RS types.

	Panasonic
	a/ or d/. Same view as MediaTek.

	OPPO
	We prefer option d/. Since it seems quite nature different RS types have different filter coefficient, however for the same RS types, we don’t see the motivation for differentiating the cell level and beam level measurement results.

	Samsung
	Although b is most flexible, it seems to increase burden on the UE, It would be nice to avoid limit such burden, so we would like to consider option d (assuming time characteristics of cell and beam reporting may not be that different).


In R2-1710839, that was summarized as follows:
Summary of discussions 3.4: Most companies (10/15) agree that the network can configure different filter coefficients for cell measurement results based on SS Block, cell measurement results based on CSI-RS, beam measurement results based on SS Block and beam measurement results based on CSI-RS. That has been captured in the provided ASN.1 DRAFT (QuantityConfig IE).
The remaining open issue that could not be solved related to whether QuantityConfig can be configured per carrier and whether it is within measConfig, as in LTE, or measObject. 


Ericsson’s comment */


Q4: Should different filter coefficients be configured for different measurement quantities? What are the benefits and costs? Cell and beam measurements may be discussed separately.
	Company name
	Yes/No
	Comments

	Intel
	No
	Different quantities may not be very big different. Allowing flexible configuration will cost the burden on theUE. 

	vivo
	
	See Q1. 
We slightly prefer no at least for beam level measurement, but we can compromise if different coefficients have benefit on system performance.

	MediaTek
	Yes
	As explained before, UE complexity lies in the number of filtering operations to be performed, which is not reduced by configuring the same filtering coefficients. As long as configuration complexity is acceptable, different filter coefficients be configured for different measurement quantities.

	OPPO
	
	For cell level, we think if companies consider it is beneficial, and it is acceptable to define different filter coefficients for different measurement quantities.

	Nokia
	Yes
	Different filterCoefficients for different quantities are already supported in LTE, so we would like to understand what kind of “UE burden” is meant by Intel, which would be a sufficient justification to get rid of LTE baseline? As pointed out by MediaTek – the only burden for the UE is that it will use different value of “k”, while the number of operations remains unchanged.

	Huawei and HiSilicon
	Yes (normally)
	The major quantities now requested by RAN1 (such as RSRP, RSRQ, RS-SINR) are different random variables with different fluctuation frequency and variance. To meet the performance requirements for the measurement of different quantities, normally different filters will be needed for different quantities. What filter to be applied to a specific quantity should really be determined by RAN1. Due to the limited number of different quantities are required for measurement by RAN1, We don’t see this is a driving factor of increasing cost.

	Qualcomm
	Yes
	As indicated in Q1, we think under the same number of total filters, same or different coefficients for these filters do not make much difference in UE complexity. Then since the units and value ranges of different measurement quantities can be quite different, different filter coefficients for different measurement quantities may be helpful.

	LG
	Yes
	The UE complexity depends on the number of total filters. Whether to have different coefficient doesn’t not have much effect on UE complexity. 

	ZTE and Sanechips
	Yes
	As we mentioned in Q1, the same or different filter values have the same impact on UE complexity, and we should follow the principle in LTE, upon supporting multiple quantities in measurement reporting,  different filter coefficients should be allowed.

	Samsung
	Not sure
	We are fine to have different filter coefficients for different quantities but we want to identify that this is essential for RRM and handover because we want to avoid the unnecessary flexible design which eventually is not used and wasted.
If any company thinks this is an essential feature, please indicate. 




Q5: Should different filter coefficients be configured for different RS types? What are the benefits and costs?
	Company name
	Yes/No
	Comments

	Intel
	No. But it is acceptable to us if network vendor has some technical reason
	Although this may increase UE complexity, but I can have some symphony towards network vendor if they would like to configure different coefficient for different RS type.

	vivo
	
	We don't have strong preference.

	MediaTek
	Yes
	RAN2#99bis agreement: “One RS type for serving cell measurement reporting and neighbour cell measurement reporting is configured in one reporting config”
Therefore, UE needs not to consider both RS types simultaneously, and different filter coefficients be configured for different RS types.

	OPPO
	
	We think for different RS types at cell level, different coefficient for filters could be configured.

	Nokia
	Yes
	We share MediaTek’s viewpoint and quoted agreement. NR-SS and CSI-RS could have different periodicities so perhaps it may be justifiedin some cases to apply different filtering?

	Huawei and HiSilicon
	Yes, 
likely
	This is really a question for RAN1. It is likely different since CSI-RS can be from wider bandwidth than SS-NR, CSI-RS can also have different periodicity, different power boosting.Anyway, we don’t see much complexity difference between the two beam measurement (e.g. for SSB and CSI-RS) with the same or different filter coefficients. In addition, when counting total number of beams both types are already counted in.

	Qualcomm
	Yes
	Different RSs may have different waveform and beam resolution, so it may be useful to use different filter coefficients for NR-SS and CSI-RS, respectively.

	LG
	Yes
	Different type of RS may have different periodicity. In general, the longer periodicity, the smaller filter coefficient.

	ZTE and Sanechips
	Yes
	Due to the different characteristics(i.e. periodicity, beamwidth..) of SSB and CSI-RS, different filter coefficients should be configured.

	Samsung
	Yes
	As MediaTek indicated, this question is alreadyanswered with the previous agreement. 




Q6: Can different filter coefficients be configured for cell and beam measurements? What are the benefits and costs?
	Company name
	Yes/No
	Comments

	Intel
	No
	We don’t need the need for different coefficient for cell and beam. In fact, it will be more consistence to have the cell level quantity to be the same as the beam level measurement reporting carry the same coefficient. 

	vivo
	
	See Q1. We don't have strong preference.

	MediaTek
	Yes
	For UE to choose a beam to perform random access, the NW may want to configure beam-level filtering coefficients so that recent measurements are given higher weightings.

	OPPO
	No
	As mentioned in previous response, we don’t see the benefit to do this with considering that keeping the coefficient at cell level and beam level could make the measurement results more consistent, and the UE complexity could also be reduced.

	Nokia
	Yes
	Again, MediaTek made a good point. Most likely these results will be used differently (e.g. cell-level to trigger the MR/HO, beam-level to choose the proper beam for accessing the cell) so the need for separate filter coefficients appears to be valid.

	Huawei and HiSilicon
	Yes
	Similar to the answer to Q5, whether the same filter can be applied for both the cell level measurement and the beam level measurement of the same quantity should be determined by RAN1. Nevertheless, the impact of the same vs different coefficients to the measurement complexity is small. 

	Qualcomm
	Yes
	The purpose of cell measurement/reporting and beam measurement/reporting is different. Cell measurement is to decide when to handover, and beam measurement/reporting is mainly for network to provide a set of beam for UE to do RACH during handover. So, we think it could be different. For example, we could use L3 filtering coefficients with smaller factor a for cell measurement to get a more stable value, and coefficients with larger factor (i.e. with more weight on current observations of beams) so that the beams’ quality when UE actually does access don’t have much offset with the reporting beam measurement values.  

	LG
	Yes
	The beam quality would be changed dynamically than cell quality, so separate filter configuration for cell quality and beam quality seems reasonable. Generally filter coefficient for beam will be set to larger than that for cell quality so that the recent result make up greater portion.

	ZTE and Sanechips
	Yes
	The cell quality is used for target cell selection in mobility, and beam quality is used to assist RACH resource selection, so different filter coefficients are required to meet different needs.

	Samsung
	Yes
	We are fine to have different filter coefficients for cell and beam measurements but it would be better if any company can explain that this is essential for RRM and handover. 


/* Ericsson’s comment
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Figure 1 NR Measurement model from 38.300
Ericsson’s comment */
Q7: How should filter coefficients be configured formeasurement objects? 

Options:
(1) Different filter coefficients be configured in different measurement objects
(2) Two sets of filter coefficients are configured, one for low frequency and one for high frequency
(3) Only one set of filter coefficients can be configured for all measurement objects
(4) Multiple (two or more) sets of filter coefficients, with no restriction “one set per measurement object“
(5) One set of filter coefficients can be configured for one or more than one measurement objects

	Company name
	Option
	Comments

	Ericsson
	(1) Or (3)
	We would prefer a cleaner and extendable ASN.1 solution where quantityConfig is either defined per measObject or measConfig. Two configurations, for high and low frequencies seems a bit arbitrary and quite “ugly” from an ASN.1 perspective. In future, one may want yet another split, and that would not be so nice.

	Intel
	(3). But (2) can be considered
	We prefer to have one filter coefficient to simplify the UE implementation. However, it is also acceptable to us if there is technical reason to allow 2 set of configuration. 

	vivo
	Option 2,
Option 3
	Option 1 will introduce high complexity to UE implementation. Due to the channel characteristic, we think different sets of filter coefficients for low frequency and high frequency is reasonable. 

	MediaTek
	Option 2
	[modified]
Considering different channel variation characteristics in low-frequency (FR1) and high frequency (FR2), we need two (or more) sets of filtering coefficients.
For Option 1, we have concerns about configuration complexity.

	OPPO
	(3), and could accept (2) if beneficial
	We prefer to keep one set of filter coefficients for all measurement objects. However, we could accept that two sets of filter coefficient could be configured if the benefits can be shown. But we don't think it is necessary to configure the filter coefficient for each object, especially when the measurement objects are quite close to each other.

	Nokia
	Option 4
	First of all, we think it may be insufficient for NR to have the same filter coefficients for all measurement objects, considering the spectrum range foreseen for NR. E.g. one can expect that channel’s coherence time for higher frequencies (e.g. 70 GHz) would be quite different than for “below 6 GHz”, so it may be counterproductive to apply the same filtering.
Secondly, we believe there can be cases, where one set of coefficients per frequency/measObject is not enough. Filtered measurements could be used differently/for different purposes, e.g. for HO triggering (wherein more stability and long-term filtering is desired), but also for leg switching, in case of DC/MC, where quicker decisions are expected. Thus, we do not see any reason for restricting multiple filterCoefficient sets usage mandatorilyto different measurement objects/carriers, etc.

	Huawei and HiSilicon
	(5) or (1), +(4)
	There should be flexibility to support different measurement needs. Network may request to measure the same type of quantities of different measurement objects or different quantity with different measurement objects.  We consider that different objects might often have the same coefficients, so option (5) can be beneficial to reduce signalling overhead, while keeping the flexibility of (1). The raw data of the same quantity maybe filtered differently for different purposes. The scenarios suggested by Nokia for option 4 seems possible.

	Qualcomm
	Option 3, but Option 2 is acceptable
	We also prefer to have one filter coefficient to simplify the UE implementation (i.e. option 3). If most companies think that two sets of filter coefficients (one for low frequency and one for high frequency) have benefit, then we could also accept it (i.e. option 2).
For option 1, we don’t see benefit for such high flexibility (filter coefficient per MO). Furthermore, note that we have agreed that “Each SS block frequency which needs to be measured by the UE should be configured as individual measurement object”. So, if multiple MOs are configured in serving cell and each MO has a different filtering coefficient, then UE may have to dynamic change filtering w.r.t BWP dynamic switch. For this scenario, we don’t see necessity to configure different filter coefficients within same band.

	LG
	Option 3, but option 5 is acceptable
	We prefer to have only one set of filter coefficients for all measurement objects as in LTE. However, it is really needed to have different filter coefficients for different measurement object in NR, we think the number of sets don’t need to be limited to only two sets. As mentioned above, under the same number of total filters, same or different coefficients for these filters do not make much difference in UE complexity. Therefore, for high flexibility, we prefer option 5 rather than option 2.

	ZTE and Sanechips
	Option 2
	Due to the different channel characteristic of high freq spectrum and low freq spectrum , it make sense to have at most 2 sets of filter coefficients, but we don’t see the necessity of introducing per measObject filters in NR.

	Samsung
	(3)
	We believe filter coefficients are UE specific as in LTE. So, we are against of having different filter coefficients for different frequencies. 
In order for accepting (1) or (2), we should understandthat what is the real problem when we use the single filter coefficients (which already has a lot of flexibility) for different frequencies.  


Any other comments?
	Company name
	Comments

	MediaTek
	Generally speaking, we support flexibility of filter coefficient configuration. UE complexity lies in the number of filtering operations, for which we need to find a solution.

	Samsung
	It seems lots of companies are assuming that configuration flexibility is needed and essential for all measurement results.As UE vendor we are not strongly opposing configuration flexibility but would like to reduce the number of filters and flexibility, by knowing that what most important purpose the flexible measurement reporting would be used for.We want to avoid the unnecessary flexible design which eventually is not used and wasted.

	
	

	
	

	
	

	
	

	
	


3 Discussion (Phase 2)
Way forwards 
Based on the discussions in Phase 1, we propose the following way forwards:
1. For beam measurement reporting, there is a total number of beam measurements (including filtering) that can be supported by the UE. We do not limit the types of measurement quantity reported for each beam.
2. Different filter coefficients can be configured for different measurement quantities, for different RS types, and for cell and beam measurements.
3. Different filter coefficients can be defined for different measurement objects. FFS how the filter coefficients are configured and associated with measurement objects. Options:
a. Filter coefficients are configured in each measObject.
b. Multiple sets of filter coefficients are configured in measConfig, and each measObject indicates which set(s) of filter coefficients to be used.
For WF Point 3, the FFS can be resolved if majority companies show clear preference.
Companies’ views on the proposed way forwards?
	Company name
	Comments

	MediaTek
	Support all WFs. For WF point 3, we prefer Option b., but can accept Option a. if rapporteur has ASN.1 implementation concerns.

	Ericsson
	We support 1 and 2 as a reasonable compromise. For 3, there is also a third option c/ which is keeping as in LTE, i.e., a single quantityConfig in measConfig (same for all measurement objects, i.e., frequency ranges). We suggest resolvingthat via contributions to the Reno meeting, so we can have a reasonable technical discussion to understand the potential benefits of setting per carrier / frequency range.

	Intel
	(1) we suggest to reword “beam measurement reporting” to “beam measurement” only. Since the reporting requires the UE to perform all beams in order to report. So limit the number of beam reporting doesn’t help to reduce the UE complexity to measurement all beams.
(2) we are ok with this compromise if rewording of (1) agree. 
(3) 3a is acceptable to us. 

	LG
	1 and 2 are acceptable to us, but we still prefer to keep single set of filter coefficient as in LTE and think more technical discussion is needed regarding this issue.

	Huawei and HiSilicon
	Support all WFs. For the item 3, we prefer the option #3-b but we are flexible for further discussion on optimization and trade-offs. 

	Qualcomm
	We support 1 and 2. For 3, we prefer a single quantityConfig in measConfig (mentioned by Ericsson) or option 3b. For option 3a, we still don’t see clear benefit of this high flexibility.

	ZTE and Sanechips
	We support 1 and 2.
For 3, we perfer to have at most 2 sets of filter coefficients, one for high frequency spectrum(>6GHz), the other for low frequency spectrum(i.e. <6GHz), since RAN4 has already defined the frequency range of FR1 and FR2, in our view, we can just reuse the frequency range directly, and no other explicit indication in MO is needed. 

	Nokia
	We are fine with proposals 1 and 2. With respect to proposal 3 (i.e. different filter coefficients for different measurement objects), we concur with Ericsson that this issue shall be further discussed and resolved at RAN2#100, based on submitted technical papers. However, we tend to support option b) as it appears to be aligned with what we have proposed during Phase 1 for Q7 (i.e. there are several sets of filter coefficients available in measConfig and there could be flexible, many-to-one mapping between filter coefficient sets and measurement object.

	Samsung
	We support 1 and 2 only if the beam measurement quantities are chosen among configured cell measurement quantities. 

Regarding 3, we count 7 out of 11 companies support option(3) only one set of filter coefficients for all measurement objectsin Q7 of Phase 1. So, as Ericsson mentioned, this option shall be discussed as a candidate and we support this. 

	OPPO
	We can accept WF1 and WF2 if companies consider those two are fine for the sake of progress. Regarding WF3, we also prefer one set of filter coefficients, and if we cannot decide the WF3, maybe as proposed by Ericsson, we could discuss this issue in November meeting.

	
	

	
	

	
	


LS to RAN4
Do we send LS to RAN4 (and/or other WGs)? What should we inform or ask them?
	Company name
	Comments

	MediaTek
	It’s not critical, but we may inform RAN4 of our decisions.

	Ericsson
	We agree with MediaTek that RAN4 LS is not critical.

	Intel
	RAN4 LS is needed since RAN2 identifies the UE complexity problem but companies choose between option 2, 3 and 4. The compromise option 4 is to define total number of beam measurement. Therefore, if section 3.1 (1) is agreed, then we need to send LS to RAN4 asking RAN4 to define the requirement of total number of beam measurement. 

	Huawei and HiSilicon
	It would be good to inform RAN4 our conclusions on the real issues regarding to the complexity, and our decisions. We can let RAN4 to decide their further actions based on RAN2’s input.

	Qualcomm
	As far as we know, RAN4 is discussinga minimum number of cells/beams that the UE should be able to monitor per layer. Based on this information, we share the similar view as MediaTek and Huawei, i.e. we could inform RAN4 of our conclusion / concern, and it is RAN4 to decide their actions. 

	ZTE and Sanechips
	We agree with MediaTek and Ericsson that RAN4 LS is not critical. And as we mentioned in Q3, RAN4 is already discussing the requirments of total number of beam measurements, and we think the UE complexity will anyway be taken into consideration in RAN4, so we can wait for RAN4’s progress.

	Nokia
	We do not think the LS is critically important as RAN4 will anyway define “reasonable” requirements with respect to the maximum number of beam measurements the UE has to process. As commented by ZTE or QC, the related work is actually “already” ongoing. However, if companies strongly believe LS is necessary and RAN4 would benefit from receiving it (+ find time to discuss it quickly, during their November meeting) then we will not oppose to include RAN2 related agreements (if we manage to work out them effectively) and send such liaison statement.

	Samsung
	RAN4 input regarding constraint forthe number of required beam measurements and number of filters would be helpful. We can ask RAN4 to consider our discussion to be accounted for their ongoing discussion.

	OPPO
	Based on current WF 1 and 2, there is a total number of beam measurements defined. Therefore, it should be helpful for RAN4 to consider our decision regarding this issue.


4 Summary of email discussion
Eleven companies replied to this email discussion.
Phase 1

UE complexity

Q1: Does coefficient configuration flexibility (i.e. same or different coefficients for different quantities (i.e. RSRP, RSRQ, RS-SINR), RS types, cell or beam, measObject or high/low frequency, etc.) bring higher UE complexity? 

Three companies agree that coefficient configuration flexibility brings higher UE complexity, but seven companies do not think so.
Q2: How does simultaneously reporting of multiple beam measurement quantities impact UE implementation complexity?

Two companies think that we should anyway not revert previous agreements. Three companies think that the key is the total number of necessary beam filters. Four companies think that this means additional L3 filter needed
Flexibility of filter coefficient configuration
Q3: To reduce the UE measurement scaling and complexity issue, companies proposed to report only ONE quantity (configurable from RSRP, RSRQ or RS-SINR) for beam measurement. Other alternatives were also provided during offline discussion. What is the preferred measurement quantity configuration for beam measurement reporting? (Options omitted to save space)
Two companies suggest that we do not revert previous agreements, so UE should be able to report both RSRP and RSRQ if configured. Six companies support or can accept having only one quantity for beam measurement. Eight companies suggest, or can accept as a compromise that UE complexity can be controlled by setting restriction or UE measurement capability about the total number of beams the UE should be able to measure.

Note: For Q4 to Q6, Ericsson mentioned that there were already similar discussions in another email discussion.
Q4: Should different filter coefficients be configured for different measurement quantities? What are the benefits and costs? Cell and beam measurements may be discussed separately.

Eight companies agree that different filter coefficients can be configured for different measurement quantities. One company does not agree.
Q5: Should different filter coefficients be configured for different RS types? What are the benefits and costs?

All companies agree that different filter coefficients be configured for different RS types.
Q6: Can different filter coefficients be configured for cell and beam measurements? What are the benefits and costs?

Seven companies agree that different filter coefficients can be configured for cell and beam measurements. Two companies do not agree. One company says no strong view.
Q7: How should filter coefficients be configured for measurement objects?  (Options omitted to save space)
Two companies support a single quantityConfig in measConfig (same for all measurement objects). Six companies support that filter coefficients are configured in each measObject. Seven companies suggest two or more sets of filter coefficients are configured in measConfig, and each measObject indicates which set(s) of filter coefficients to be used. 

Phase 2
Proposed way forwards by MTK

All companies support or can accept WF1 (total number of beam measurements by the UE) and WF2 (Different filter coefficients can be configured for different measurement quantities, for different RS types, and for cell and beam measurements)

For WF3 (filter coefficient for different frequencies): Two company support filter coefficient configured per measObject. Four companies support having two or more sets of filter coefficients. For companies support having single set of coefficients. Four companies suggest having further discussion in Nov. meeting.
LS to RAN4?

Six companies support sending LS to RAN4 to inform them our progress. Three companies think the LS is non-critical since RAN4 will anyway define reasonable UE capability requirements.
5 Proposed way forward

The following two proposals are agreed (at least seen as compromise) by all companies.
Proposal 1:
There should be a total number of beam measurements (including filtering) that can be supported by the UE. We do not limit the types of measurement quantity reported for each beam.

Proposal 2:
Different filter coefficients can be configured for different measurement quantities, for different RS types, and for cell and beam measurements.

Some issues require further discussion, and companies are welcome to submit their contributions or draft LSs to Nov. meeting.
Proposal 3:
The following issues requires further discussion: (1) How filter coefficients are defined for different measurement objects, and (2) whether we need to send an LS to RAN4.

6 Reference
[1] R2-1712024
Beam measurement quantity reporting
Intel et al.
In our view, it is fair to include the agreements. The agreements should be baseline unless we identify and agree on major issues we have not identified before.


Agree with keeping the agreement so companies understand it was not aware by other companies in term of the complexity issue due to the number of beams UE need to support. 


We think we should respect theemail rapporteur’s original question, which can mainly solve the problem in Q2.


It seems unclear why we need to define so many new options at this stage. In our view, we should discuss the baseline (i.e. the agreement) and, in case companies agree on complexities involved in the baseline, discuss the proposal in [1].


The agreement is already added before, I think we don’t need to make this redundancy and focus on the discuss. We also have to discuss the support of RS-SINR on beam as well.  �Option A = option 1


Option B = option 2


Ok, that is acceptable.


This text is added by Ericsson and would like to keep the discussion neutral and companies can check which portion is initiated by the rapporteur. Suggest company to have rapporteur to lead the discussion instead of modifying the question. I think the rapporteur is rather neutral. Therefore, I suggest to keep the original question and companies focus on the technical discussion.


The text was added just to show that we have asked these questions in the previous email discussion. In our understanding, the UE complexity issue that is the core of the discussion is addressed in Q1, hence, we do not need to revisit the measurement model.


I did not want to remove these questions, rather improving them, but it is unclear for us the purpose of Q4 as we have asked that in the previous email discussion. Repeating that once more hoping for a different answer does not seem to be a good practice.


We think the question is quite valid since the chairman note state the discussion should include the filter coefficient and measurement quantity to solve the scale problem. 


I did not want to remove these questions, but it is unclear for us the purpose of Q5 as we have asked that in the previous email discussion. Repeating that once more hoping for a different answer does not seem to be a good practice.


We think the question is quite valid since the chairman note state the discussion should include the filter coefficient and measurement quantity to solve the scale problem.


In our view, it seems very late to re-open the discussion on the benefits of the agreed measurement model. Hence, we suggest to not re-open that discussion.


We think the question is quite valid since the chairman note state the discussion should include the filter coefficient and measurement quantity to solve the scale problem.





This is the main open issue to be addressed in the email discussion, in addition to the UE complexity issue on multiple reporting.


Added by Huawei. 
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