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[bookmark: _Ref471484523]Introduction
In RAN2#98 the NR measurement model has been agreed, based on layer 1 (L1) and layer 3 (L3) filtering. Then, in RAN2#99 Berlin, an email discussion on RRM was initiated and the topic was part of the scope. The summary was presented in RAN2#99bis in Prague (see R2-1711963). As it was not possible to reach consensus in RAN#99bis Prague, the following issues were left open in the DRAFT RRC specifications:
Editor’s Note: FFS Whether quantityConfig is configured per MeasConfig or MeasObject.
Editor’s Note: FFS Whether cell measurement filtering and beam measurement filtering based on SS block/CSI-RS any fundamental differences (so a new section can be created for that).
Editor’s Note: FFS Whether the same or different filter coefficients are applicable for cell level and beam level measurements. And, depending on that, whether the Layer 3 filtering procedure requires updates.
Editor’s Note: FFS Whether the quantity configuration associated to NR frequencies can be provided per measurement object or per frequency range (higher and lower frequencies). Revisit sections 5.5.2.8 and 5.5.2.1 on quantityConfig.
The following email discussion was agreed to solve some of the open issues discussed in Prague:
[99bis#22][NR] Filter coefficients (MediaTek)
	Discuss the configuration flexibility available to the network in configuring different filter coefficients and reproting 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 coud 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 

In this contribution, we first provide some background related to the email discussion. Then, we provide our views on some remaining open issues:
· How quantityConfig is configured;
· Whether RAN2 should send an LS to RAN4 about requirements related to beam measurements.
[bookmark: _Ref477972447]Discussion
Reminder of previous email discussion on filtering configuration 
[bookmark: _Hlk495475906]In the previous email discussion, initiated in RAN2#99 Berlin, most companies agree that the network can configure the UE with different filter coefficients at least as in LTE per measurement quantity (e.g. RSRP, RSRQ, SINR or equivalent quantities as defined by RAN1/RAN4). Hence, that has been captured in the DRAFT ASN.1 in the QuantityConfigNR IE.

[bookmark: _Hlk495475840]Discussion 2.7: In NR, the network can configure the UE with different filter coefficients at least per measurement quantity (e.g. RSRP, RSRQ, SINR or equivalent quantities as defined by RAN1/RAN4).
	Company 
	Please, try to justify your preference.

	NEC
	Yes, the network should be able to configure the filter coefficient per measurement quantity.

	ZTE
	In LTE, individual coefficients are configured for different quantities. The same principle should be adopted in NR, so we prefer to support multiple filter coefficients for each measurement quantities(i.e. RSRP,RSRQ, SINR...etc), and due to different characteristic of NR-SS and CSI-RS, we are wondering whether RAN2 can discuss the possibility of introducing separate filter coefficients for NR-SS and CSI-RS.

	Qualcomm
	Yes, same as LTE

	Nokia
	We don’t see need for this but more important would be to able to configure different coefficient per Object (=carrier) i.e. one object may be in 3Ghz band and other in 60Ghz. Fading characteristics are quite different and using same filtering seems to be bit problematic.

	MediaTek
	Agree. The units and value ranges of different measurement quantities can be quite different. Therefore, different filter coefficients should be allowed at least for different measurement quantities.

	CATT
	The same principle is reused in NR.

	Huawei, HiSilicon
	We could reuse the same approach for NR

	Sony
	Yes

	Ericsson
	Yes

	Lenovo/ MotM
	Agree with MediaTek.

	Intel
	Yes, NW should be able to configure the filter coefficient per measurement quantity per filter (for both L3 filter for beam and cell)

	Interdigital
	Yes, same as in LTE. Should also be similar to LTE in terms of RS type. Hence filter coefficient should be per quantity and per RS-type (CSI-RS and SSB)


	LG
	Yes, same as LTE

	Panasonic
	Yes

	OPPO
	Same as LTE

	Samsung
	Yes



[bookmark: _Hlk495475976]Also, as part of the previous discussion in Berlin, we have tried to interpret the agreed measurement model and its consequences for filtering configuration. In NR, the following measurement model has been agreed and captured in TS 38.300:
[image: ]
In that model, one can see L3 filtering for cell measurement results and L3 beam filtering for beam measurement results to be included in measurement reports. In TS 38.300 the following is described about these L3 filtering functions:
-	Layer 3 filtering for cell quality: filtering performed on the measurements provided at point B. The behaviour of the Layer 3 filters is standardised and the configuration of the layer 3 filters is provided by RRC signalling. Filtering reporting period at C equals one measurement period at B.
- 	L3 Beam filtering: filtering performed on the measurements (i.e. beam specific measurements) provided at point A1. The behaviour of the beam filters is standardised and the configuration of the beam filters is provided by RRC signalling. Filtering reporting period at E equals one measurement period at A1.
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).

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.
1. 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).





Based on the input of most companies, we have proposed that the network should have the flexibility to configure different filter coefficients at least for the following level of granularity:
· Beam level
· Cell level
· Per RS type (SS/PBCH block and CSI-RS)
· Per measurement quantity (RSRP, RSRQ and SINR)

Despite the significant support for the proposal, it was not possible to reach an agreement and the following was finally captured as an FFS in Prague’s chairman’s notes:
FFS: Network can configure the UE with different filter coefficients per measurement quantity (e.g. RSRP, RSRQ, SINR or equivalent quantities as defined by RAN1/RAN4), RS Type and beam/cell measurements.

The current email discussion, seemed to reach the same conclusion from the previous email discussion.
1. [bookmark: _Hlk499137239]Email discussion #22 seemed to conclude that the network can configure the UE with different filter coefficients per measurement quantity (e.g. RSRP, RSRQ, SINR or equivalent quantities as defined by RAN1/RAN4), RS Type and beam/cell measurements.

Filtering configuration flexibility
To certain extent, observation 1, assumes a similar level of flexibility compared to LTE. However, few steps further are being proposed for NR and we currently have the following open issues:
Editor’s Note: FFS Whether quantityConfig is configured per MeasConfig or MeasObject.
Editor’s Note: FFS Whether the quantity configuration associated to NR frequencies can be provided per measurement object or per frequency range (higher and lower frequencies). Revisit sections 5.5.2.8 and 5.5.2.1 on quantityConfig.
In LTE, L1 filtering is left to the UE implementation while L3 filtering is done as described in [1]. More specifically, the L3 filtering is performed as


where
Mn is the latest received measurement result from the physical layer;
Fn is the updated filtered measurement result;
Fn-1 is the old filtered measurement result, where F0 is set to M1 when the first measurement result from the physical layer is received; and
a = 1/2(k/4), where k is the filterCoefficient for the corresponding measurement quantity received by the quantityConfig.
As mentioned above, the filter coefficient a is configured via quantityConfig field which is included in MeasConfig information element in RRCConnectionReconfiguration message or in RRCConnectionResume message. Consequently, the same L3 filter coefficient will be used for RRM measurement and reporting for the subsequent measurement objects. 
While the above mechanism for choosing filtering coefficients seems sufficient in LTE, it might not be the case in NR, as NR might be deployed in higher frequencies than LTE, where channel characteristics can be changed more abruptly compared to lower frequencies. To show how filtering coefficient can affect the RRM measurements, we have performed a simple test. In this test, we have artificially simulated random realizations of RSRP values for a fast and a slow fading environment using a simple first order IIR filter of the form 

where  represents a channel realization at time , and  is a circularly symmetric random Gaussian variable with mean zero and standard deviation 1.  is set to 0.05 and 0.95 to represent fast and slow fading environment respectively. The filtering is performed using LTE L3 filtering on every forth channel realizations to account for in-frequent sampling with parameters K = 4 and K = 8. Figure 2 and Figure 3 show the results for the fast and the slow varying scenario respectively. As it can be seen, the two filtering coefficients have little effect on the RSRP for the slow varying channel while this is not true for the fast varying channel.  
[bookmark: _Ref494303489][image: ]  Figure 2 Illustration of filtering for a fast varying channel
[bookmark: _Ref494303545][image: ]Figure 3 Illustration of filtering for a slow varying channel
1. [bookmark: _Toc494304227]Choice of filtering coefficient affects the RRM measurements differently in the case of fast or slow channel variations. 

In the email discussion [99#32][NR] TP on RRM, summarized in R2-1710839, filtering configuration has been discussed. Most companies seem to agree that the usage of two different reference signals possibly having different beamforming configuration justifies the usage of different filter configurations, i.e., per RS type. One of the arguments used was that the fast and slow channel variations vary from one RS type to another.
A remaining open issue from that discussion was whether the filter coefficients in quantityConfig IE is part of measConfig as in LTE or not. And, if not, what would be different in NR to justify such a change. In our view, if configured in measConfig, as in LTE, the network should configure the same filter coefficients for all measurements performed for a given RAT per measurement quantity as in LTE. Given the above observations and the fact that NR can be deployed in both high and low frequencies, possibly in a quite wide range of frequencies, RAN2 should first discuss the impact of filtering configurations for different carrier frequencies before deciding on whether that should be configured per measurement object or measurement configuration. Hence, there can be benefits to configure in NR filtering coefficients at least per measurement object. 
As a so-called “compromise” it has been proposed to split the NR frequency range (from 0 to 100GHz) in 2 and create two sets of filter coefficient. In our view, there are issues such as how to define the border. Also, the solution would be quite ugly in terms of ASN.1 extensibility. Hence, we propose the following: 
[bookmark: _Toc463053253][bookmark: _Toc463053290][bookmark: _Toc466011542][bookmark: _Toc471485786][bookmark: _Toc471486534][bookmark: _Toc471492266][bookmark: _Toc471499741][bookmark: _Toc471501319][bookmark: _Toc473532941][bookmark: _Toc473533019][bookmark: _Toc473533370][bookmark: _Toc477726044][bookmark: _Toc477972469][bookmark: _Toc477972564][bookmark: _Toc477973278][bookmark: _Toc477973291][bookmark: _Toc494304229][bookmark: _Hlk499137773]Consider configurability of L3 filtering coefficients per measurement object as baseline. FFS Signalling optimizations e.g. list of quantity configurations in measConfig.

Total number of beam measurements 
In RAN2#99bis Prague, a significant amount of companies has suggested that multiple beam reporting quantities could potentially increase UE complexity [2]. It has been proposed that the network could only configure a single quantity to be reported.
In email discussion # 22 [3], it was clarified that the proposal in [2] would not solve the potential issue as the network could, if needed, configure multiple reportConfig(s) with the same parameters except the beam reporting quantities. It seems that the conclusion of the email discussion #22 is that what directly affect UE complexity is the total number of beam measurements, not necessarily the amount of reporting quantities.
1. In [99bis#22][NR] Filter coefficients, RAN2 seemed agree that there should be a total number of beam measurements (including filtering) that can be supported by the UE and that the types of measurement quantity reported for each beam should not be limited.

In addition, the email discussion also suggests discussing whether RAN4 should be informed about that. Under the assumption that this is agreed, it seems relevant to discuss how that information could be used by network. Network can set the following parameters related to beam reporting:
· Exact beam reporting quantities per reportConfig;
· Exact number of measurement objects;
· Maximum number of beams to be reported per cell.
[bookmark: _GoBack]For the maximum number of beams to report per cell, the current TP on RRM defines the parameter maxNroRsIndexesToReport, somewhat equivalent to maxReportCells, i.e., defined as an integer. Hence, the number of beam measurements the network should expect the UE to perform, if a requirement is defined by RAN4, would depend on the number of measurement objects, but also the minimum number of cells the UE is required to measure, although it is not very clear how these two requirements are related. 
1. Total number of beam measurements network should expect the UE to perform depends on the number of configured measObject(s) and the minimum number cells the UE is required to measure.
Hence, as that could potentially affect minimum requirements on NR measurements, potential RAN2 conclusions on the UE complexities involved in performing too many beam measurements seems relevant to RAN4. In our understanding, it seems the issue has already been acknowledged by RAN4, as they are currently discussing requirements for beam and cell measurements. In our view, it could be acceptable to send an LS to RAN4 with RAN2 conclusions, although RAN2 should first discuss whether the agreement or this potential requirement on minimum number of beam measurements could have any impact to RAN2 specifications. Hence, we suggest the following way forward:
LS to RAN4 could be sent if RAN2 identifies issues to be clarified that may have impact in RRC specifications.
Conclusion
In section 2 we made the following observations:
1. Email discussion #22 seemed to conclude that the network can configure the UE with different filter coefficients per measurement quantity (e.g. RSRP, RSRQ, SINR or equivalent quantities as defined by RAN1/RAN4), RS Type and beam/cell measurements.
1. Choice of filtering coefficient affects the RRM measurements differently in the case of fast or slow channel variations.
1. In [99bis#22][NR] Filter coefficients, RAN2 seemed agree that there should be a total number of beam measurements (including filtering) that can be supported by the UE and that the types of measurement quantity reported for each beam should not be limited.
1. Total number of beam measurements network should expect the UE to perform depends on number of configured measObject(s) and the minimum number cells the UE is required to measure.


Based on the discussion in section 2 we propose the following:
1. Consider configurability of L3 filtering coefficients per measurement object as baseline. FFS Signalling optimizations e.g. list of quantity configurations in measConfig.
1. LS to RAN4 could be sent if RAN2 identifies issues to be clarified that may have impact in RRC specifications.
[bookmark: _In-sequence_SDU_delivery]References
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