
3GPP TSG-RAN2#91 meeting
Tdoc (
R2-153666
Beijing, P.R. China, 24th– 28th August 2015
Agenda Item:

7.1.2
Souce:
Samsung
Title:
Scope, characteristics and high level design of RSSI measurement
Document for:

Discussion and decision
1 Introduction

This contribution discusses the RSSI measurement that RAN2 agreed to introduce, covering aspects like objective, requirements as well as high level characteristics of the solution (e.g. what to report, type of measurement). A main aspect is that the contribution proposes that average load may be covered by reporting the percentage of time the measured channel was occupied, while for hidden node detection the UE reports for every L1 averaged measurement period a very coarse RSSI value.

2 Discussion

2.1 General
Purpose

We think the LAA RSSI measurement may serve 2 purposes, both relevant when selecting a channel initially or when there is a need to change channel:

a)
to get an indication of the average channel load/ usage

b)
to detect hidden nodes

I.e. the report should make it possible to avoid selection of channels that a) are highly loaded or b) on which there are somewhat active hidden nodes. Some further considerations:

· 
For a) we think it is sufficient if the UE provides an indication of how frequently (i.e. percentage of time) the channel is occupied (i.e. RSSI above some level)
· 
For b) we think the measurement report should indicate at which times the UE experiences interference. We think the eNB can only determine that there is a hidden node when the UE reports interference at times the eNB does not experience any.
The further details/ aspect are elaborated on in the following. For now, we propose:

Proposal 1
The RSSI measurement should support reporting of a) the average channel load/ usage as well as b) detection of hidden nodes
Note
In case there are no hidden nodes, the eNB may, based on its own RSSI measurements, be able to get a fairly good impression of the channel load.

Latency requirement
Given that LAA is merely used to provide some additional resources for offloading best-effort traffic, we think there are no strong latency requirements for this kind of measurement report. I.e. when the current channel becomes overloaded or its link quality drops, it seems acceptable if it takes a few seconds to change to another channel. We acknowledge that this may result in a temporary drop in data rate, possibly prolonged due to TCP slow start.
Proposal 2
There are no strict latency requirements for the RSSI measurement i.e. a delay in the order of one or more seconds seems acceptable
2.2 Average channel usage

General
As indicated in the previous, to get an indication of channel load/ usage we think it is sufficient if the UE reports how frequently (i.e. percentage of time) the channel is considered occupied. Some companies have proposed the UE to report a histogram of the RSSI measurement results. We assume the UE will be requested to measure a few (3- 10) LAA channels. We think that a channel occupancy percentage provides sufficient information for E-UTRAN to avoid selecting any overloaded channels i.e. from channel load/ usage perspective we think a histogram does not provide any added value. Based on these considerations we propose:

Proposal 3
For average channel load/ usages, it is sufficient for the UE to report the percentage of time the measured channel was occupied

There are a number of aspects for which some further discussion seems desirable: a) what criterion to use for considering the channel occupied, b) what period to use for an individual measurement of the channel (will refer to this as Measurement Time Unit i.e. MTU) and c) how many MTUs the RSSI measurement should comprise to be sufficiently precise. We think that aspect b) is most relevant for the hidden node detection. Hence aspect b) and the related aspect c) are discussed in that section.
Note
The UE is assumed to determine an RSSI measurement result for each MTU, that concerns an average over the MTU.

Criterion to consider channel occupied

A simple straightforward approach would be to consider the channel to be occupied when the RSSI value measured in an MTU is above a certain threshold. It is noted that WLAN specifications specify a number of thresholds used for similar purposes. It may be possible to re-use these defined values, but as there are multiple, it may be desirable to support the option for the EUTRAN to configure the actual threshold value.

Proposal 4
The UE considers the channel occupied when the RSSI value measured in an MTU is above a certain (possibly configurable) threshold.
2.3 Hidden node detection
General
In the previous we already indicated that think that hidden node detection requires reporting of the times at which times the UE experiences interference. To illustrate this, let’s consider an example including some MTUs for which the UE reports an RSSI value that is different from the one measured by the eNB. This example, for which RSSI results are shown in Tab.1, includes the following 3 nodes (besides UE and eNB):

· A: node visible to UE and node B but hidden to eNB and node C,

· B: node visible to all,

· C: node visible to all but node A.

	MTU
	Transmitting node(s)
	RSSI@UE
	RSSI@eNB

	1
	None
	0
	0

	2
	A
	1
	0

	3
	None
	0
	0

	4
	C
	2
	3

	5
	None
	0
	0

	6
	B
	3
	2

	7
	A+C
	3
	3

	8
	None
	0
	0

	9
	A
	1
	0


Tab. 1: Example with differences in RSSI values reported by UE and measured by eNB

Some further considerations:

· 
We assume that typically there would be no other node active at the same time as the hidden node. I.e. for MTU 2 and 9 the UE reports interference (caused by hidden node A) that is not detectable by the eNB. For hidden node detection it seems sufficient if the UE merely reports that, for such MTUs, it is experiencing a serious level of interference i.e. a very coarse RSSI value (e.g. 1b alike used for channel occupancy) seems enough
· 
The example includes a node C that, like the eNB, is unable to detect node A. Consequently, node C might transmit simultaneously with the hidden node as happens in MTU 7.

· 
The example illustrates that for a node that is visible to both UE and eNB, i.e. node B & C, the UE and eNB may experience different RSSI due to different path losses (see MTU 4 and 6).
· 
The example also illustrates that there may be MTUs in which the RSSI experienced by UE and eNB is the same even though a node hidden to eNB is actually transmitting i.e. MTU 7. Based on this we think that the eNB can really only detect a hidden node for MTUs in which eNB does not experience any (significant) interference while the UE does. Consequently, it seems sufficient if the UE report RSSI at a rather coarse RSSI level e.g. 1b

· 
In case a need is identified to report a finer RSSI level, we acknowledge that reporting of an RSSI value for every MTU might result in quite a bit of signalling. There may however be ways to somewhat reduce this e.g. by reporting changes in RSSI value. If needed, this may be investigated further after concluding the required granularity and the required measurement period.

· 
There may be multiple hidden nodes, and these may affect transmissions to/ from different UEs i.e. an RSSI report of hidden node information of one UE may be insufficient to cover communication with other UEs in the same cell.

The previous considerations imply that a histogram does not provide the information required to properly detect hidden nodes. Hence, based on these considerations we propose:

Proposal 5
For hidden node detection, the UE reports for every MTU a very coarse RSSI value (e.g. 1b i.e. serious interference/ RSSI above thresh)
Length Measurement Time Unit (MTU)

A low value of the MTU e.g. 1ms is assumed to provide more accurate results. However, when reporting the measured result of each MTU and assuming a given measurement period, a low MTU of course results in more signalling than e.g. 4 or 10ms. We think that increasing the MTU size does not significantly degrade the accuracy of the channel occupancy report. However, as indicated before, an increase of MTU size is likely to affect the ability to detect hidden nodes.
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In order to determine the impact, some simulations were performed for MTU sizes of 1, 4 and 10ms of a channel that from load perspective is acceptable (i.e. not heavily loaded). It is important to note that the maximum transmission time (MTT) assumed in these simulations is 4ms, see [2] for further details. The simulation results suggest that an MTU size in the order of the MTT (4ms) still makes it possible to detect hidden nodes fairly well (almost as good as the 1ms), while 10ms averaging does not.

Fig. 1: CDF of hidden node nodes detected for different MTU sizes

The left figure shows the number of MTU with a low eNB RSSI while the RSSI reported by the UE is at least 10 dB higher. The right figure shows the same results, but now for the case the RSSI difference exceeds 20 dB.

Length measurement period (#MTUs)

The RSSI measurement should provide a fair indication of whether a certain channel is acceptable from a load perspective. In other words, the result should be a fairly accurate indication that the channel is not very loaded). In case a rather low #MTUs is used, the likelihood that these do not correctly reflect the average situation increases. For hidden node detection, it is not sufficient if the measurement reflects the average fairly well. Instead, the measurement should have a fair probability of detecting a node that is hidden to the eNB. On the other hand, it seems acceptable if the measurement misses out on detecting hidden nodes that are on average active say in less than say 2% of the MTUs (i.e. length of 50 MTUs). To support different uses, we think that the standard should support different measurement period lengths i.e. that E-UTRAN should be able to configure this. Based on our analysis and simulations as discussed in this section, we propose:

Proposal 6
Both the MTU size and the measurement period should be configurable
2.4 Further aspects
Trigger type

As indicated, we assume the RSSI measurement is used by E-UTRAN to determine a suitable channel initially or when the configured channel becomes loaded or when its link quality turns bad. As there does not seem a real need to quickly determine a suitable channel, it seems possible for E-UTRAN to initiate the measurement when the need arises. In other words, it seems sufficient to introduce a one-shot measurement alike used for SON or reporting of system information upon PCI confusion.

Proposal 7
The RSSI measurement is realised by means of a one-shot (periodic) measurement.

Measurement gaps

Currently there are two types of one shot measurements: a) best effort i.e. performed during idle periods (e.g. reportCGI) or b) more urgent i.e. the UE is allowed to create autonomous gap while observing restrictions specified in 36.133 (e.g. siRequestForHO). As we think there are no strict latency requirements, there seems no need for an approach in which the measurement may be prioritised. In other words, an approach in which the UE performs the measurement during several non-consecutive slots each comprising a number of MTUs seems preferable. We furthermore think that, to be able to detect hidden nodes, the measurement taken by UE and eNB should comprise the same MTUs i.e. both nodes should apply exactly the same measurement slot pattern.

Given our assumptions regarding latency, let’s consider if it is possible for the measuments to be peformed during existing measurement gaps. Suppose the UE needs 50 MTUs of 2ms and is able to use a third of the 6ms gap allocated each 40ms. In such a case it would take 2s for the UE to be able to complete the measurement. We further note that the UE would probably be requested to measure a few channels (say 3 or 4). It seems good for RAN2 to discuss if such an approach would still result in an acceptable latency, also considering that the load/ hidden node situation may change.

Proposal 8
The UE and E-UTRAN perform the RSSI measurement during exactly the same times/ MTUs. The UE performs measurement during several non-consecutive slots each comprising a number of MTUs i.e. according to a measurement slot pattern assigned by E-UTRAN. RAN2 is requested to discuss whether an acceptable latency can be achieved if this pattern would be part of the existing measurement gaps.

3 Conclusion & recommendation
This contribution discusses the RSSI measurement, covering aspects like objective, requirements as well as high level characteristics of the solution. The document includes the following proposals that RAN2 is requested to discuss and conclude:

Proposal 1
The RSSI measurement should support reporting of a) the average channel load/ usage as well as b) detection of hidden nodes

Proposal 2
There are no strict latency requirements for the RSSI measurement i.e. a delay in the order of one or more seconds seems acceptable

Proposal 3
For average channel load/ usages, it is sufficient for the UE to report the percentage of time the measured channel was occupied

Proposal 4
The UE considers the channel occupied when the RSSI value measured in an MTU is above a certain (possibly configurable) threshold.

Proposal 5
For hidden node detection, the UE reports for every MTU a very coarse RSSI value (e.g. 1b i.e. serious interference/ RSSI above thresh)

Proposal 6
Both the MTU size and the measurement period should be configurable
Proposal 7
The RSSI measurement is realised by means of a one-shot (periodic) measurement.

Proposal 8
The UE and E-UTRAN perform the RSSI measurement during exactly the same times/ MTUs. The UE performs measurement during several non-consecutive slots each comprising a number of MTUs i.e. according to a measurement slot pattern assigned by E-UTRAN. RAN2 is requested to discuss whether an acceptable latency can be achieved if this pattern would be part of the existing measurement gaps.
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