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1	Introduction
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.
 
In this contribution we are analysing in detail what indication would be required  to these reports for UL coverage hole detection analysis. 
2	Discussion of the UL Coverage Holes issue
As discussed in R2-1904240, the NR deployment has to provide a balanced downlink (DL) and uplink (UL) coverage for ensuring accessibility and connectivity. Balanced coverage means that the UE which measures a certain RSRP signal strength should be able to access the network. However, propagation paths and channel characteristics may be different for DL and UL, e.g. when signals from network nodes are emitted by beams, while UEs are using omni characteristics or at least much less sophisticated beam forming schemes. Figure 1 shows the imbalance DL coverage (dark areas) and UL coverage (white area) where the UL signal is able to reach the base station.
Therefore, it might occur that the UL connection gets lost while downlink RSRP measurements show good connectivity. The UE will experience a radio link failure (RLF) caused by exceeding maximum number of allowed retransmissions (FailureType: rlc-MaxNumRetx). UE tries to re-establish or re-connect to the network because of the good received DL signal indicating good coverage, but it will fail, since the uplink is not working.

















Figure 1: Uplink Coverage Hole
When the UL connection becomes stable again then the UE re-connects with the network. The UE indicates availability of an RLF report and/or a Connection Establishment Failure (CEF) report that can be retrieved and analysed by the network.
2.1	RLF report
The legacy RLF report represents only the situation at moment when the RLF occurred. From the measurements included in the RLF report, the downlink signal quality at moment of the RLF can be checked and from the RLF cause it can be identified whether the RLF was due to unsuccessful UL transmission. But after the RLF the UE may be carried out different actions like re-establishment or re-connection attempts. During this phase the UE has got information about DL signal strength, but it is not recorded in the RLF report.
2.2	CEF report
The legacy CEF report contains information about the last failed connection establishment that resulted in UE not being able to access the network. Already the existence of a CEF report tells the network that the received UE downlink signal was ok during the time of failed connection establishment, since without receiving some cell information via broadcast messages the terminal could not even try to setup connection. The information in the CEF report can be used further to analyse why the connection establishment was not successful. However, since the terminal overwrites CEF report fields in the case of new connection establishment failure, there is neither information what happened before the latest failed connection establishment nor how often the UE tried to (unsuccessfully) setup the connection.
2.3	The combination of 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 2 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.
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Figure 2: RLF & CEF report unclarity
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 say what happened in between.
2.4	Enhancements for the RLF and CEF reports
The missing information for a quick and reliable detection of UL coverage holes by the NG-RAN nodes concerns both reports:
1. To differentiate  DL and UL availability after RLF occurrence, we think already ‘DL unavailability’ related information is helpful for the network to draw a conclusion Based on the UE information, the network can do analysis and the actual task to determine that UL was not available would be in charge of the network.
Assuming the NR RLFreport is extended by addition of a field, which provides information about “Downlink qualityy", this tells the network what was downlink signal quality at moment of the RLF. The less rough information, the better  e.g.{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.
-	and 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”.
2. Addition of a field to the CEF report to indicate the number of CEF reports that the UE has experienced since the last reporting of a CEF report (as agreed in RAN2#105bis)
The “Number of connection failures” field in CEF report could be realised in the following way:
-	The UE counts the number of CEFs that it has experienced within the last 48 hours. 
-	If a CEF report is sent to the network, then the UE includes the number of CEFs and then resets the counter to “0”.
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 received but the UL was not working.
3	Conclusion and Proposals
We showed how the RLF and CEF reports could be enhanced in order to provide the missing information for a quick and reliable detection of dominance of UL coverage holes compared to DL coverage by the NG-RAN nodes.
Proposal 1: For NR RLF Report is extended with “Downlink quality” field, where at least “downlink always available” is indicated.
Proposal 2: For NR CEF Report is extended with “Number of connection failures” field. The UE counts the number of CEFs that it has experienced within the last 48 hours. 
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