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1
Introduction

According to use case 5.4 in TR 36.805 [1], user experience and/or network performance can be degraded by sub optimal configuration of common channel parameters. In this contribution, Vodafone focuses on the UE measurements for the DL common channels. More specifically, we look at measurements than can help the operator assess the performance of the paging channel and broadcast channel (P-BCH and DL-SCH for BCCH transmission). 

 2. Rationale for UE measurements of DL Common Channels
UE idle mode accessibility is an important factor that affects the user’s perception of the network reliability. It is vital for the operator to ensure that UEs find coverage where expected and also are reachable. In idle mode, a UE can only be considered to be in coverage if it can successfully decode the system information on the broadcast channel. Moreover, a UE can only be reached in idle mode by paging on the paging channel. Hence, the proper configuration of those channels is required to ensure idle mode accessibility,
In current networks, drive tests are used to assess the performance of the paging channel and broadcast channel. Since it is impossible to cover all areas within the expected coverage area of the cell, parameters are set according to the limited set of results from the drive tests. Hence, it is difficult for the operator to have confidence in the parameter settings without carrying out extensive drive tests whose cost can be prohibitive. Operators usually only find out there is a problem when customer complaints are received and they have to adopt a reactive approach to solve the problem which is not ideal in terms of customer experience. It would be very useful for operators to identify regions in the cell coverage where UEs cannot be reached or have difficulty decoding the broadcast channel in order to take proactive measures to improve the idle mode accessibility. Hence, UE measurements to assess the performance of the paging channel and broadcast channel are important and will minimise the need for drive tests.
3. UE Triggers and measurements 
In the following sub-sections, the triggers for indicating PDCCH decoding failure at the UE paging occasion, PCH decoding failure at paging occasion, P-BCH decoding failure and DL-SCH decoding failure for BCCH are described. In order to help the operator understand when and where this problem occurs in the cell and the radio conditions when the event occurs, the following associated measurements should also be logged when the outage events for the DL common channels are detected:

1) UE location

2) Time Stamp

3) Cell Identification

4) Received RSRP and RSRQ

Proposal 1:  UE location, time stamp, cell id and received RSRP/RSRQ are important measurements to log in the event of DL common channel decoding failure. 

3.1 Paging Channel

In Idle mode, UEs operate in DRX and wake up once every paging occasion to check for the P-RNTI on the PDCCH [2]. Hence, in order to correctly decode the paging channel, UEs have to first decode the PDCCH and then the PCH based on information on the PDCCH for the paging channel. If UE fails to decode the PDCCH consecutively for X1 times (which can be set according to the operator policy) each time it wakes up at its paging occasion, this is an indication that the UE is not reachable in a given location and hence such an event should be logged. 

Proposal 2: UE needs to log the event when it cannot decode the PDCCH consecutively for X1 times (set according to operator policy) when it wakes up at its paging occasion. 
	Trigger type:
 UE cannot decode PDCCH consecutively for X1 times when it wakes up at its paging occasion.



	Configuration parameter(s):
· Number of consecutive PDCCH decoding failure at paging occasion to trigger event (X1)which can be set according to operator policy.

	Measurement
	Definition
	Remarks

	Location
	· Location at which first PDCCH decoding failure occurred and X1th PDCCH decoding failure occurred
	Since paging DRX can be relatively long, it is important to log the location of each failure.

	Time stamp
	· Time at which X1th PDCCH decoding failure occurred 
	Since paging DRX cycle is known, the time at which first PDCCH decoding failure (for paging ) occurred can be easily deduced 

	Cell Identification
	- CGI of cell where PDCCH decoding failure for paging occurred
	

	Radio environment measurement
	- Average RSRP and RSRQ over time from first PDCCH failure to X1th PDCCH failure. 
	


Assuming UE can successfully decode the PDCCH, the UE would still not be reachable if it cannot decode the PCH. Hence, the event where UE cannot decode the PCH even though it managed to decode the PDCCH should be logged. In order to increase the robustness of the measurement, the UE should  only log the event when it cannot read the PCH for X2 times (which can be set according to the operator policy) consecutively. 
Proposal 3: UE needs to log the event when it cannot decode the PCH X2 times (set according to operator policy) consecutively even though it managed to decode the PDCCH. 
	Trigger type:
 UE fails to  decode PCH consecutively for X2 times even though it managed to decode the PDCCH at its paging occasion 


	Configuration parameter(s):
· Number of consecutive PCH decoding failures at paging occasions where PDCCH was correctly decoded)  to trigger event (X2)

	Measurement
	Definition
	Remarks

	Location
	· Location at which first PCH decoding failure occurred and X2th PCH decoding failure occurred at paging occasion.
	Since paging DRX can be relatively long, it is important to log the location of each failure. 

	Time stamp
	· Time at which X2th PCH decoding failure occurred 
	Since paging DRX cycle is known, the time at which first PCH decoding failure occurred can be easily deduced 

	Cell Identification
	CGI (s) of cell (s) where PCH decoding failure for paging occurred
	

	Radio environment measurement
	· Average RSRP and RSRQ over time from first PCH decoding failure to X2th PCH decoding failure. 
	


3.1 P-BCH
The P-BCH carries the MIB which is the first system information block that a UE trying to camp on a cell must acquire. The P-BCH is transmitted every 40 ms with repetitions of the original transmission every 10 ms [3]. Ideally, UE should be able to decode the P-BCH with no more than 4 repetitions of the P-BCH. It can happen that due to radio conditions or misconfiguration of the P-BCH, UE is unable to decode the P-BCH after several repetitions. It is important that this event is logged so that the operator is aware of locations where UEs have difficulty reading the P-BCH. In order to improve the robustness of the measurement, the event should only be logged when UE cannot decode the P-BCH after X3 consecutive attempts (which can be set according to operator policy), where X3 can be a multiple of 4. 
Proposal 4: UE should log the event where it cannot decode the P-BCH after X3 (set according to the operator policy) consecutive attempts, where X3 is a multiple of 4.
	Trigger type:
 UE cannot decode P-BCH consecutively for X3 times  after selecting/reselecting to a cell for camping. 



	Configuration parameter(s):
· Maximum number of consecutive P-BCH receptions for successful decoding of  P-BCH  before failure event is triggered.

	Measurement
	Definition
	Remarks

	Location
	· Location at which P-BCH decoding failure occurs
	It is necessary to only log the location when the event is actually triggered i.e. after X3 decoding attempts since P-BCH occurs every 10 ms and it is not expected that UE location has changed significantly in this time.

	Time stamp
	· Time at which P-BCH decoding failure occurred 
	It is necessary to only log the time when the event is actually triggered i.e. after X3 decoding attempts since P-BCH occurs every 10 ms.

	Cell Identification
	- CGI  of cell where P-BCH decoding failure occurred
	It is assumed that UE stays in same cell for a period corresponding to X3 P-BCH transmissions. If cell reselection can occur before X3 attempts then P-BCH failure is declared at the point where UE reselects to another cell without having been successful in decoding the P-BCH of the current cell. In that case the CGI of current cell is recorded. 

	Radio environment measurement
	· Average RSRP and RSRQ over time when P-BCH could not be decoded. 
	A moving average of RSRP/RSRQ over the last X3 P-BCH receptions could be used.


3.2 BCCH Transmission on DL-SCH
The SIBs, other than MIB, are sent on the DL-SCH and in the same way as the P-BCH, repetitions of the SIB transmissions are used to improve the probability of the UE correctly decoding the SIBs. However, it can happen that the SIBs cannot be decoded correctly because of the radio conditions or due to some misconfiguration of DL-SCH transmission for BCCH. Moreover, it can be assumed that if UE is able to correctly decode SIB1, then it should in principle also be able to decode the other SIBs. In order to reduce the amount of measurements, it is proposed that the DL-SCH reliability for BCCH transmission is assessed based on the ability of the UE to receive SIB1. In the same way as for P-BCH, UE logs the event where it cannot decode the DL-SCH to receive SIB1 (even though the PDCCH was correctly decoded) after X4 consecutive attempts. 
Proposal 5: UE should log the event where it cannot decode the SIB 1 on DL-SCH after X4 (set according to operator policy) consecutive attempts, where X4 is a multiple of 4, even though the PDCCH was correctly decoded. 
	Trigger type:
 UE fails to decode SIB1 after X4 consecutive attempts after camping on a cell even though PDCCH was correctly decoded


	Configuration parameter(s):
· Number of consecutive SIB1 decoding attempts (even though PDCCH decoding was successful) before event is triggered. 

	Measurement
	Definition
	Remarks

	Location
	· Location at which SIB1 decoding failure occurred
	It is necessary to only log the location when the event is actually triggered i.e. after X4 decoding attempts since SIB1 repetitions occur every 20 ms.

	Time stamp
	· Time at which SIB1 decoding failure occurred 
	It is necessary to only log the time when the event is actually triggered i.e. after X4 decoding attempts since SIB1 repetitions occur every 20 ms.

	Cell Identification
	- CGI  of cell where P-BCH decoding failure occurred
	It is assumed that UE stays in same cell for a period corresponding to X4 SIB1 transmissions. If cell reselection can occur before X4 attempts then SIB1 decoding failure is declared at the point where UE reselect to another cell without having been successful in decoding the SIB1 of the current cell. In that case the CGI of current cell is recorded. 

	Radio environment measurement
	· Average RSRP and RSRQ over time when SIB1 could not be decoded. 
	A moving average of RSRP/RSRQ over the last X4 SIB 1 receptions could be used.


Possible Actions based on UE measurements

Once UE has recorded an event for a problem on the DL common channels, there are several actions it can take based on the detected events: 

1) If the UE cannot decode the PDCCH, PCH or BCH it could autonomously reselect to a cell on another frequency layer or RAT even though the RSRP measurements would not by themselves require the UE to perform a reselection.

2) UE could report those events to the network (e.g. to an OAM server) when it eventually enters connected mode and network can then take the following actions:

a) The DL common channel parameters are changed by a ‘planning’ tool to improve idle mode accessibility in locations where idle mode accessibility is poor.

b) Operator can decide to install another base station/relay/repeater/ in areas where UE cannot be reached in idle mode.
3. Summary
In this contribution Vodafone proposes the following UE triggers and measurements in order to identify problems with idle mode accessibility for the UE and problems for the network to reach the UE: 

Proposal 1:  UE location, time stamp, cell id and received RSRP/RSRQ are important measurements to log in event of DL common channel decoding failure. 

Proposal 2: UE needs to log the event when it cannot decode the PDCCH consecutively for X1 times (set according to operator policy) when it wakes up at its paging occasion. 
Proposal 3: UE needs to log the event when it cannot decode the PCH X2 times (set according to operator policy) consecutively even though it managed to decode the PDCCH. 

Proposal 4: UE should log the event where it cannot decode the P-BCH after X3 (set according to operator policy) consecutive attempts, where X3 is a multiple of 4. 

Proposal 5: UE should log the event where it cannot decode the SIB 1 on DL-SCH after X4 (set according to operator policy) consecutive attempts, where X4 is a multiple of 4, even though the PDCCH was correctly decoded. 
RAN2 is kindly requested to discuss the above proposals for minimisation of drive tests for the use case of parameterisation of common channels described in [2].
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