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1	Introduction
RAN2#111-e agreed to study the need of introducing new methods for more precise identification of the coverage problems, the clear distinction of UL and DL coverage and furthermore the DL coverage quality during the UL coverage outage experienced by the UEs. This paper explains the importance of being aware of DL coverage quality during UL outage and describes potential enhancements to the RLF report that can be used for better characterization of the different coverage outage problems.
2	Enhanced Coverage problem identification 
2.1 Importance of enhanced coverage problem identification
Mobile communication systems are much more constraint in the Uplink (UL) direction compared to the Downlink (DL) direction due to the UE design and power limitations. A detailed analysis of different NR UL and DL channels in terms of achievable coverage and Maximum Path Loss (MPL) was done in [1] and a brief summary is given below in Table 1. The detailed evaluation assumptions used for the analysis can be found in [2]. From Table 1, it is clear that 
· UL channels are always the limiting factor in both O2O and O2I scenarios. This means in certain deployments there could be a potential mismatch between UL and DL coverage of a cell. In this situation, the UEs in this cell can experience UL outage while the DL is still available. This problem was also recognized by 3GPP, and for network deployments where this imbalance between UL and DL coverage of a cell is too big, even a new feature of Supplementary UL (SUL) was also introduced.
· The difference between the UL and DL MPL decreases at higher frequencies, for example, 700 MHz vs 4 GHz. This means an UL outage may also be followed by a DL outage. This would especially be critical if the UE is experiencing varying fading either due to mobility or changing environment. In this case, the coverage outage or RLF experienced by the UE is not a pure UL problem but also a mix of UL and DL problem.  
Table 1: Maximum Path Loss for DL (PDCCH) and UL (PUCCH) Channels
	
	Outdoor-to-Outdoor (O2O) Rural
	Outdoor-to-Indoor (O2I) Rural

	
	PDCCH
	PUCCH
	PDCCH
	PUCCH

	700 MHz
	147.49
	140.94
	144.44
	138.07

	2 GHz
	150.5
	143.7
	147.45
	141.08

	4 GHz
	147.83
	146.71
	144.78
	144.09



Observation 1: Detected RLF can be caused by an UL coverage problem that can be classified as a pure UL coverage problem or a mixed case where also DL fades away.
For coverage optimization functions like CCO, to detect the correct problem and then to react accordingly, it is important to classify the problem accurately. DL coverage issues may be repaired with readjustment of the RAN deployment and cell layout in terms of re-adjusting the grid of beams by adapting elevation and azimuth orientation or even recommending layout change by adding new nodes. The UL coverage requires different measures in order to boost the UL direction. Therefore, it is important to know whether the detected RLF caused by an UL coverage problem is a pure UL coverage problem or a mixed case where also DL fades away.

2.2	Data provided by Current RLF and CEF reports
An RLF declaration with ConnectionFailureType rlc-MaxNumRetx could indicate an UL coverage problem. If after the RLF the DL reference signals of the connected cell is still measurable by the UE, it will try to re-establish which will fail and will continue with connection setup attempts which will fail, too, because of missing UL coverage. The failed connection setup attempts will produce a series of Connection Establishment Failure (CEF) reports where only the last one of the series will be stored on UE in addition to the RLF report.
Even with getting both the RLF and the CEF report, the network will not be aware of the information about the downlink channel availability or the degree of UL and DL coverage imbalance for the time span between the RLF logging and last CEF occurrence.
RAN2#105bis agreed that RLF report and CEF report can be enhanced in NR for better detection of UL coverage hole issues:
Agreements:
1: 	Agree the use case that NR RLF Report can indicate the information to differentiate DL and UL availability after RLF occurrence. Solution is FFS.
2: 	For NR CEF Report is enhanced with further information elements expressing the number of failed connection setup attempts after RLF at least including the number and available location information.
 
[bookmark: _Hlk47371554]Based on the above agreement, Number of Failed Connection Setup Attempts was added to the CEF report in Rel-16 TS38.331. However, one limitation of the current existing Rel.16 solution results from the fact that only the last CEF is to be recorded in detail, while only the number of the preceding CEFs (up to 7) in the same cell are counted:
	ConnEstFailReport field descriptions

	numberOfConnFail
This field is used to indicate the latest number of consecutive failed RRCSetup or RRCResume procedures in the same cell independent of RRC state transition.



In principle, DL coverage information can be derived from measResultLastServCell-r16 and measResultNeigCells-r16 documented in the RLF report and from the last recorded CEF containing also measResultNeigCells-r16 information. Only for very seldom and unlikely case when the neighbour measurement list of the CEF report contains a signal strength measurement from last serving cell (which is identical with failedPCellId-r16) listed in the RLF report, it could be concluded that DL was available. But in most of the cases there will be also attempts in the last serving cell, but those CEFs get lost with attempts to another cell, here the target cell. In those normal cases, there is no measurement of last serving cell where RLF occurred in the CEF measResultNeigCells-r16 data field and, therefore, it is unclear if and/or when DL coverage also faded away during UL outage.
Observation 2: If measResultNeigCells-r16 does not contain a measurement of RLF’s failedPCellId-r16 (last serving cell), it is not clear if and when DL coverage faded away during UL outage.

Another newly introduced IE to the RLF report called noSuitableCellFound-r16 will not be able to provide sufficient information about availability of the DL connectivity during UL coverage outage, i.e. between the UL coverage caused RLF and the latest recorded CEF reports, since its setting is based on T311expiry, i.e. re-establishment phase expires without detecting any suitable reference signal. 
	RLF-Report field descriptions

	noSuitableCellFound
This field is set by the UE when the T311 expires.



Presence of the above IE in RLF declaration with ConnectionFailureType rlc-MaxNumRetx, is very unlikely, but would indicate a rather balanced UL/DL coverage problem. Missing DL coverage prevents also from further connection establishment attempts. This case would be identified as DL coverage issue and treated as such.
Observation 3: The IE noSuitableCellFound in the RLF report indicates a DL coverage issue during re-establishment phase (T311). It is very unlikely that this IE is set “true” in combination with connectionFailureType rlc-MaxNumRetx, and DL coverage issue can be seen as coherent with UL coverage issue. i.e. RLF will be treated as DL coverage issue.

2.3	Enhancements scope RLF and CEF reports
Even with getting both the RLF and the CEF report, the network will not be aware of the information about the downlink channel availability between the RLF and last CEF. If both reports have been logged at times close to each other (e.g. within seconds), it may be possible to estimate if the problem was due to uplink or downlink. But with longer time within a coverage hole it is typically not possible to have a reliable estimate of the root cause of the problem.
Figure 1 shows an example case where the information provided by RLF and CEF reports is not enough to determine if the coverage hole was due to downlink, uplink or both failing. In this example UL connectivity is lost first. Since DL connectivity is still there, UE tries to re-establish, but it fails. From CEF report we can see that DL was available at the time of CEF2. However, since CEF report information is overwritten in the case of new CEF we don’t have any knowledge whether CEF1 ever took place. In this case the terminal would have known that downlink was available while uplink was missing at the time of CEF1.
Moreover, both the RLF and CEF reports contain some timing information indicating when the failure occurred, so we know if the time difference between RLF and CEF is long (e.g. at least several seconds) we cannot precisely say what happened in between.
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[bookmark: _Ref46741701]Figure 1: RLF and CEF reports during outage period
Based on these observations it becomes obvious that CCO could benefit from further collecting additional data during time when UE tries to re-connect being stored either in the RLF or CEF report. Therefore, we propose to collect further data identifying the DL coverage quality during the UL coverage outage and being reported to the CCO instance in the network.
Proposal 1: For more precise identification of the DL coverage quality during the UL coverage outage we propose to collect further data being reported to the CCO instance in the network.

2.4	Enhancements for the RLF report
Getting more detailed information DL quality when analysing detected UL coverage issues by the NG-RAN nodes may be improved with following enhancements of the RLF report:
1. To differentiate DL and UL availability after RLF occurrence, ‘DL unavailability’ related information may be reported for the network to draw a conclusion based on the UE information. For example, an extended RLFreport may provide information about “Downlink Quality” that shows what was the DL signal quality at the moment of the RLF. The DL quality could be characterized, for example, as {downlink always available, downlink disappeared, downlink unclear}.

The “Downlink Quality” field in RLF report could be determined as follows: 
-	If an RLF occurs with the root cause “T310 expiry” or “T312 expiry” detecting physical layer problems for the SpCell, then the field is set to “downlink disappeared”. 
-	If an RLF occurs with the root cause “maximum number of RLC retransmission reached” or “random access problem” is detected, then the UE sets the field to “downlink always available”.
-	If the field has been set to “downlink always available” and the UE finds a suitable cell
· other than the RLF cell, then the field shall not be touched any longer, i.e. the UE has left the situation which lead to the RLF and therefore will not change it depending on the radio conditions.
-	if the suitable cell is the “RLF cell” and the re‑establishment fails, then the UE changes the field to “downlink unclear”.
This value should be used whenever the terminal becomes less active in measuring the downlink because a “downlink disappeared” occurrence may not be recognized by the UE in that case.
-	If the terminal recognizes during idle mode that the downlink disappears, then it changes the value of the field in RLF report, if existing, to “downlink disappeared”.
Applying the proposed indications on above example sequence of events:
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Figure 2: RLF & CEF report clarity
1. RLF  “Downlink quality” = “downlink always available”
2. Re-establishment attempt fails  Update of stored RLF report with results from re-establishment attempt; “Downlink quality” = “downlink unclear”
3. CEF1  “Number of connection failures” = 1
4. CEF2  “Number of connection failures” = 2
5. Re-connection to network  Indication about available CEF and RLF report
Retrieval of the reports from the network  NG-RAN receives reports with “Downlink quality” = “downlink unclear” and “Number of connection failures” = 2 and the other information from the reports. The UE deletes the reports and sets “Number of connection failures” = 0.
Due to the new information the NG-RAN knows that there were 2 CEFs, i.e. DL was at least partially received by the UE but the UL was not working.
Proposal 2: It is proposed to extend the RLF report with “DL quality” information for better characterization of the DL signal during an UL outage.
[bookmark: _GoBack]
5	Conclusion
In this contribution we made the following observation (3) and proposals:
Observation 1: Detected RLF can be caused by an UL coverage problem that can be classified as a pure UL coverage problem or a mixed case where also DL fades away.
Observation 2: If measResultNeigCells-r16 does not contain a measurement of RLF’s failedPCellId-r16 (last serving cell), it is not clear if and when DL coverage faded away during UL outage.
Observation 3: The IE noSuitableCellFound in the RLF report indicates a DL coverage issue during re-establishment phase (T311). It is very unlikely that this IE is set “true” in combination with connectionFailureType rlc-MaxNumRetx, and DL coverage issue can be seen as coherent with UL coverage issue. i.e. RLF will be treated as DL coverage issue.
Proposal 1: For more precise identification of the DL coverage quality during the UL coverage outage we propose to collect further data being reported to the CCO instance in the network.
Proposal 2: It is proposed to extend the RLF report with “DL quality” information for better characterization of the DL signal during an UL outage.
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