[bookmark: OLE_LINK5][bookmark: OLE_LINK6][bookmark: _GoBack]3GPP TSG-RAN WG4 Meeting#89            	R4-1815430
Spokane, USA, November 12th – 16th 2018

Source:	Nokia, Nokia Shanghai Bell 
Title:	UE RRM measurements and averaging in FR2 
Agenda item:	7.11.3.2.4
Document for:	Discussion
Introduction
In last meeting RAN4 continued discussions related to UE Rx beam selection as addressed in RAN1 LS [1]. The discussion was initiated in the RAN4 Busan meeting but has not concluded. 
In WF [11] agreed in Gothenburg meeting, RAN4 listed 3 open issue that would still need further attention and agreements:
· How the UE is expected to average measurement samples when measuring using Rx beam forming?
· How measurements for a given SSB should be obtained among samples among the UE Rx beams?
· Expected UE measurement behaviour related to UE Rx beam measurements during the TSSB_measurement_period?
In this paper, we continue the discussion regarding these open aspects.
Discussion
In RAN1 NR AH#3 the need to ensure consistent UE behavior in terms of RX spatial filtering for RRM measurements was discussed. In RAN4 meeting in Montreal and later meetings the discussion continued in RAN4 [8] without agreement. The issue under discussion is twofold: 
· Firstly, it need to be discussed is what the UE spatial coverage requirements are when performing measurement. 
· Secondly, it need to be discussed how to ensure UE measurement requirement under UE Rx beam forming operation.

2.1	Measurements and UE spatial coverage requirements
In this section we look at the question:
· Expected UE measurement behaviour related to UE Rx beam measurements during the TSSB_measurement_period?
For FR2 it is assumed, that the UE has multiple directive antenna panels. To allow UE time to perform measurements covering all direction/all panels to obtain a representative picture of the spatial propagation conditions surrounding the UE (via RX beam sweep), RAN4 introduced the UE Rx beam sweeping relaxation. These relaxations were now agreed in last meeting and reflected in the requirements e.g. for cell detection and measurement latencies. 
Through the RX sweep process carried out on the UE side for obtaining measurement, the UE would be able to obtain measurement samples from any given SS block in the vicinity of the UE. I.e. the UE will be able to detect and measure cells in any direction although applying Rx beam forming. This is illustrated in figure 1 below:
[image: ]
Figure 1 Illustration of one instantaneous UE measurement with RX beam set
The aspect of UE spherical measurement coverage is now reflected in basic UE measurement core requirements, and the UE is allowed a certain relaxation in the requirements in order to allow UE RX beam sweeping. E.g. instead of the expected 5 SSB instances for cell detection in FR1 the UE is allowed 24 SSB instances in FR2. For FR2 it is clear that the assumption is that UEs will need to apply UE Rx beam forming to get measurement covering UE surroundings in all directions. 
It has been clear during the core requirements discussion, that it is assumed and expected that the UE will apply UE Rx beam sweeping. The basic understanding is, that if the UE is not applying Rx beam sweeping on a regular manner, the UE would not be measure in all direction and such UE would not from measurements point of view be covering in a similar manner to what we know from an omni-directional antenna UE. 
A UE which is not measuring covering a full spherical coverage will not be able to detect and measure cells in the direction not measured. I.e. UE will have ‘blind spots’ in those directions where it is not measuring. Such behaviour can have negative impact on the UE measurement and mobility performance, which in the end can lead to significant system impact – e.g. increased Beam Failures and/or RLF, loss of connectivity etc. This is illustrated in figure 2. E.g. if the UE is not in a timely manner measuring using Rx beam #3 (e.g. because of ‘good enough’ coverage when using Rx beam #1) would likely lead to drop in connection at T4. If the UE is continuously measuring using all Rx beams such that it covers 360 degrees connection at T4 would be maintained.
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Figure 2 Illustration of UE measurement coverage when measuring only with a selected set of Rx beams
We do believe that from system perspective, it is important to clarify the UE measurement requirement concerning spatial coverage to ensure proper system operation. The UE performance requirements already account for the UE Rx beam sweeping in the core requirements by allowing the necessary UE relaxation. 
It is however not captured that the UE is also expected to perform measurements such that it is covering approximately 360 degrees within the measurement period. Exactly how the UE performs measurement using the different Rx beams, can be left for the UE implementation – but it should be assumed that at least within a given time equal to the measurement period - TSSB_measurement_period.- the UE will measure such that the measurements are covering full spherical coverage.
Proposal 1: RAN4 defined that UE is assumed to measure using sufficient UE Rx beam directions to cover full spherical coverage at least every TSSB_measurement_period.
If such behaviour cannot be assumed it is not clear why the UE Rx beam relaxation factor in the core requirements would be needed. Additionally, it seems difficult to ensure the connection and mobility for devices in FR2. This can also be seen from the discussion and results in the next section.
In [14] we have provided a draft CR for capturing the requirement for UE measurements. Similar assumption may also have to be made for cell detection in FR2.


2.2	Rx beam selection for RRM measurements
In this section we look at following two aspects:
· How the UE is expected to average measurement samples when measuring using Rx beam forming?
· How measurements for a given SSB should be obtained among samples among the UE Rx beams?

Currently, RAN4 has agreed following intra-frequency measurement requirements in FR2 for non-DRX case:
· TPSS/SSS_sync:		max[ 600ms, ceil(Mpss/sss_sync_w/o_gaps  x Kp x KRLM)  x SMTC period ]
· T SSB_measurement_period:	max[ 400ms, ceil(Mmeas_period_w/o_gaps x Kp x KRLM) x SMTC period ]
with Mpss/sss_sync_w/o_gaps =[24] for PC2 and Mmeas_period_w/o_gaps =[24] for PC2 devices.
RAN4 need to discuss and reach a common understanding on the assumed Rx beam selection and measurement averaging for RRM measurements. In general, RAN4 has not until now defined how the UE should perform the measurements. Such approach is also suitable when assuming UE omni-directional reception. It is however clear, that when discussing NR and FR2 it is no longer feasible assuming all UEs are able to receive simultaneously from all directions – UE Rx beam forming will be used. In a later phase there will likely be UE capable of simultaneous multi panel reception. However, such devices would still be able to meet the minimum requirements. And there would need to be requirements for UEs which can only receive using one panel at a time. 
From system point of view and network control and deployment point of view, it is important that UEs under similar conditions perform rather similar within the defined accuracies. Next, we look at some of the aspect from UEs applying different measurement sampling averaging and the system impact.
Figure 3 illustrates (again) an example scenario where a UE, employing four RX beams uses different RX spatial filters to obtain measurement results from two cells/TRPs. The instantaneously obtained measurement results of the Tx beams by each Rx beam are naturally affected by the Rx beam gain corresponding to each used UE Rx beam. 
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Figure 3 Illustration of UE measurement with RX beam set
Figure 3 illustrates only one instantaneous measurement sample. It is seen that in static environment when UE measures using Rx beam 1 at T1 the strongest measured Tx beam is 1. At next sampling time T2 the UE measures using Rx beam 2 and the strongest measured Tx beam is 2. And so forth.
When discussing RRM measurements there will be the time domain aspects to consider – I.e. devices are expected to function also when on the move.. I.e. RAN4 need to account for real life scenarios and moving devices. For L3 RRM measurements, the UE is expected to take multiple samples using different Rx beams and average the measurement samples of each Tx beam into a consolidated result per Tx beam. In figure 4 one example of time domain change in the environment during the UE measurement period is illustrated.
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Figure 4 Illustration of a UE with 4 Rx beams and 2 TRPs when UE is not in static conditions but moving/rotating while measuring.
As discussed in the former section, it is assumed and expected that the UE use Rx beam sweeping and perform RRM measurements covering full spherical coverage. 
By the core requirements, the UE is expected (or assumed) to average a certain number of the measured RRM measurement samples – which is currently assumed to be 24 samples distributed among the UE Rx beams. Assuming an even distribution of the samples among the UE Rx beams, such averaging can be done different ways – resulting in different outcome - as illustrated next.
There are at least two different approaches to perform RRM measurements and averaging in FR2:
1. UE performs measurements by taking e.g. 5 consecutive samples using Rx beam 1 and averaging these samples. Hereafter, UE performs 5 consecutive samples using Rx beam 2 etc.
2. UE perform measurement by taking 1 sample using Rx beam 1. Hereafter, the UE switches Rx beam and takes 1 sample using Rx beam 2 etc. This continues until 5 samples are acquired after which the measurement samples are averaged.
Under static conditions and if UE is not moving, the outcome of the two approaches would likely be very similar. However, under more realistic conditions including moving UEs, the results from the two approaches will likely be very different.
As discussed in earlier meetings, current RAN4 specification is not discussing how it is expected that the UE average the measurement samples and which samples to use in the averaging when applying UE Rx beam forming. Based on how two different UE implementations could perform the measurement – as illustrated with the two examples above – the measurements could be done as follows:
1. UE measures according to 1) and averages measurements measured per Rx beam. I.e. UE measures e.g. 6 consecutive samples using one and same Rx beam and averages the measurements samples per SSB. Hereafter UE measures using Rx beam 2. UE continues until all e.g. 4 Rx beams, have been used for measuring. Averaging of results are done per SSB per Rx beam. If the UE can measure same SSB with different Rx beam the UE would at the end select the strongest averaged result (select among the results in the yellow box).
2. UE measures according to 2) and averages measurements measured per Rx beam. I.e. UE measures 1 sample using one Rx beam followed by measuring 1 sample using Rx beam 2 etc. UE continues this until it has measured e.g. 6 samples using each Rx beam. Averaging is done per SSB over different Rx beams. If the UE can measure same SSB with different Rx beam the UE would select the strongest among the samples.
To illustrate the potential impact from applying either of the measurement approaches on the UE side, we conducted a set of system simulations.
In the simulations the UE is measuring a gNB and using 4 Rx beams on UE side. The UE rotates around its own axis (in a similar manner as illustrated in figure 4). We then measured the SS-RSRP from one Tx beam using all 4 UE RX beams applying both of the above described measurement principles.
The results illustrated next are assuming 20ms SSB periodicity without any scaling factors of any kind. The UE is measuring using all Rx beams. The results are shown in following figures:
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Figure 5 Measured SS-RSRP from the different Rx beams (20ms)
[image: ]
Figure 6 The measured SS-RSRP and the measurement sampling principle (20ms).

Looking at the results when two different measurement averaging methods have been applied we can observe that the best result – strongest RSRP – does not differ that much. However, this result is obtained provided that the UE is measuring using all Rx beams.
Above results can be regarded as ideal case in the sense that the UE can measure the SSB of the cell in every SSB occurrence without any overlap with other measurements (as discussed when defining CSSF and RLM etc.). I.e. in these results the UE need not share the measurement opportunities.
Next, looking at 40ms SSB periodicity. which could also illustrate that only half of the SSB opportunities can be used for e.g. serving cell measurement. Result are illustrated in following figures.
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Figure 7Measured SS-RSRP from the different Rx beams (40ms)
[image: ]
Figure 8The measured SS-RSRP and the measurement sampling principle (40ms).
We see that there is some, but only minor, increase in difference between the best measured results among the two methods.
Observation 1: Applied measurement method on UE side has some impact on the measured results.
Observation 2: When using a measurement interval of 20ms or 40ms and assuming UE measures using all Rx beams during the measurement period, the difference in the measurement result is limited.
These observations are of assuming two important factors:
· UE is using the strongest measurement samples from a given Tx beam among all samples measured by the UE from that Tx beam for averaging.
· UE is measuring using all Rx beam – or at least measuring such that it covers full spherical coverage during the measurement period.
As mentioned, different UEs should have similar performance in the field under similar conditions. Based on the above discussion it seems that the UE measurement outcome most likely would be rather similar independently of which measurement method is used in UE (at least when using 20 and 40ms measurement intervals). I.e. whether the UE apply averaging method 1 or 2 above seems to have less impact on the measurement results.
However, this is so far only true when we also assume that the UE measures using enough Rx beams to enable measurement covering a full spherical coverage during the measurement period. If the UE does not measure covering a full spherical coverage, the UE will have ‘blind spots’ in which no measurements are performed. Impact of such blind spots have not been analysed, but it is rather clear that it may have significant impact on the UE connectivity (mobility and beam management). 
Based on the discussion we propose following:
Proposal 2: Measurements for a given SSB should be based on the best obtained samples among the UE Rx beam samples of that SSB during the measurement period, T SSB_measurement_period.
It has been discussed how the UE assumptions could be clarified without restricting the UE implementation. I.e. how to define that the assumed SS-RSRP averaging should be done among best measurement samples of a given SSB among all the samples from the different UE receiver branches during a measurement period (T SSB_measurement_period_intra). Such assumption would need to be reflected in the UE measurement requirements, e.g. by adding that the SSB-based measurement for a given SSB, shall be based on the average of the best measurement samples of a given SSB from any of the UE receiver branches. I.e. the RRM SS-RSRP is based on the average of the best SS-RSRP measurement samples among the different UE receiver branches.
A similar clarification will then be needed also for other L3 RRM measurements. I.e. SS-RSRQ and CSI-RS for L3 mobility.
In [16] we have provided a draft CR for capturing the SS-RSRP requirements. Once an agreement is reached the CR would need to capture also SS-RSRQ and CSI-RS for L3 mobility.

Conclusion
Discussions related to UE Rx beam selection was addressed in RAN1 LS [1] and discussed in Busan, Montreal and Gothenburg. The discussions have not concluded and in this paper, we have continued the discussion regarding Rx beam selection for RRM measurements and measurement coverage based on agreed WF [R4-1811418]. Based on the discussion we propose:
1. RAN4 defined that UE is assumed to measure using sufficient UE Rx beam directions to cover full spherical coverage at least every TSSB_measurement_period.
1. Applied measurement method on UE side has some impact on the measured results.
1. When using a measurement interval of 20ms or 40ms and assuming UE measures using all Rx beams during the measurement period, the difference in the measurement result is limited.
Proposal 4: Measurements for a given SSB should be based on the best obtained samples among the UE Rx beam samples of that SSB during the measurement period, T SSB_measurement_period.
In [15 and 16] we have provided draft CR’s.
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