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Enhanced Measurement Reporting for LTE 
There has been general agreement that where possible existing messages should be re-used in supporting measurement reporting for GERAN/E-UTRAN interworking in Release-8.  This paper examines the issue of whether a new message is required for the (PACKET) ENHANCED MEASUREMENT REPORT messages or whether the existing messages can be modified.
1 Summary of Problem
In [1.] it is shown how the (PACKET) ENHANCED MEASUREMENT REPORT messages can be modified to enable reporting of E-UTRAN neighbour cells by the addition of a Release-8 extension.  The extension contains an explicit list of measurement reports for E-UTRA centre frequencies combined with the physical layer cell identity of the cell being reported.  
For reporting of GERAN and UTRAN neighbour cells, a bitmap type reporting is used in the messages as these neighbour cells are explicitly identified by a white list.  The structure of the optional bitmap reporting is shown below.

{ 0 | 1 { 0 | 1 < REPORTING_QUANTITY : bit (6) > } ** } ;



-- bitmap type reporting
Each bit in the bitmap is a reference to the index in the combined GERAN / E-UTRAN neighbour cell list.  According to TS 44.060 “at least 96 neighbour cell entries shall be encoded in the bitmap”.  However, if the complete bitmap does not fit into the message it is possible to miss off the trailing zeroes as stated in “some remaining bits indicating no report at the end of the message may be omitted if these bits do not fit into the message”.
This truncation of trailing zeroes can only work if the bitmap is the last component of the message.  By introducing a release-8 extension for the E-UTRAN neighbour cell measurements the reporting bitmap will no longer be the last component of the message and the truncation cannot be employed.  As there is no means to know how long the bitmap is meant to be (it has to be at least 96 bits long) it is not possible to include the bitmap in the main part of the message and to include the E-UTRAN neighbour cell reporting in the release-8 extension. 
Therefore either a new message or a means to modify the existing message is required.  These two possibilities are examined in the following section. 

2 Comparison of Approaches

2.1 Modified Message – with Release-8 Extension
As the bitmap reporting structure is currently optional in the (PACKET) ENHANCED MEASUREMENT REPORT messages, it would be possible to define a new type of bitmap reporting in the release-8 extension.  It could then be mandated that the old bitmap reporting structure shall not be used if the release-8 extension is being used.  For backwards compatibility, the existing bitmap reporting can be used if none of the release-8 extension fields are needed.  
In order to allow more room for E-UTRAN neighbour cell measurements the new bitmap could be modified to indicate a length.  This has two benefits:

· It allows for a much smaller structure if less than 96 neighbour cells are in the neighbour cell list (this is the usual case)
· It allows other fields to be placed after the reporting bitmap without ambiguity. 

In the case where the mobile and network support GERAN, UTRAN and E-UTRAN RATs but the mobile is only reporting GERAN and E-UTRAN cells, this method allows (as an implementation option) for a further optimisation of the message size.  The mobile need only report the GERAN neighbour cells in the reporting bitmap by making the length value of the bitmap equal to the GERAN neighbour cell list length.  In fact the length of the bitmap need only be up to the last GERAN cell with a measurement to report.  This then reduces the message size by at least the length of the 3G neighbour cell list.  
The modified PACKET ENHANCED MEASUREMENT REPORT message would look like the following:
< PACKET ENHANCED MEASUREMENT REPORT message content > ::=


< TLLI / G-RNTI : bit (32) >


{ < NC Measurement Report : < NC Measurement Report struct > > }


{ null | 0
bit ** = < no string >
-- Receiver compatible with earlier release


| 1








-- Additions in Rel-5 :


{ 0 | 1 < G-RNTI extension : bit (4) > }



{ null | 0
bit ** = < no string >
-- Receiver compatible with earlier release




| 1








-- Additions in Rel-8 :




< BITMAP_LENGTH : bit(7) >




{ 0 | 1 < REPORTING_QUANTITY : bit (6) > } * (val(BITMAP_LENGTH + 1 ) ) 




{ 0 | 1 < E-UTRAN Measurement Report : < E-UTRAN Measurement Report struct > > } 



< padding bits > } } ;

Where the E-UTRAN Measurement Report structure is the same as that proposed for the PACKET MEASUREMENT REPORT message as shown below:

< E-UTRAN Measurement Report struct > ::=


< E-UTRAN_BA_USED : bit >


< N_E-UTRAN: bit (2) >


{
< E-UTRAN_FREQUENCY_INDEX : bit (3) >



< CELL IDENTITY : bit (9) >



< REPORTING_QUANTITY : bit (6) > } * (val(N_E-UTRAN + 1 )) ;

It should be noted that a LS was sent from GERAN to RAN4 regarding the feasibility of using a 3-bit reporting quantity relative to a threshold signalled by the network.  Providing that RAN4 agree to this approach, there is no reason why the reporting quantity cannot be made to be 3 bits for E-UTRAN neighbour cells.

For the NC Measurement Report structure, the optional bitmap field as shown below:
{ 0 | 1 { 0 | 1 < REPORTING_QUANTITY : bit (6) > } ** } ;



-- bitmap type reporting
shall only be included if the release-8 extension is not provided.  
2.2 Modified Message – Without Release-8 extension
Another option to modify the existing message is to use the Repeated Invalid_BSIC_Information structure within the NC Measurement Report in the same way as being proposed for the MEASUREMENT REPORT message.  

This structure can be re-used to report on E-UTRAN neighbour cells by using reserved values of BCCH-FREQ-NCELL (e.g. 31 downwards) to reference the E-UTRAN Frequency.  The physical layer cell identity and a 3 bit reporting quantity can then be encoded in the 12 bits provided by the BSIC and RXLEV-NCELL fields.  Thus invalid BSICs for GERAN neighbour cells can be reported at the same time as measurements on E-UTRAN neighbour cells. 
The other field that must be handled is the E-UTRAN_BA_USED bit which can be carried by the 3G_BA_USED bit.  This can work if it is ensured that UTRAN and E-UTRAN cells are not being reported in the same message.  This assumption seems to be valid as it is likely that a mobile station will only be measuring cells from one other RAT at a time.  
If 3G_BA_USED and E-UTRAN_BA_USED are in synch (have the same value) then it would also be possible to report on both 3G and E-UTRAN neighbour cells at the same time.  

Given that these existing fields can be re-used in this way, there is no need for a release-8 extension and the existing bitmap can be used without modification including the truncation.  Use of this option is of course dependent on RAN4 agreeing that 3 bits is sufficient for the reporting quantity.  

Compared with modifying the existing message as described in section 2.1, this approach requires 17 bits per E-UTRAN neighbour cell compared with 15 bits per E-UTRAN neighbour cell when using a release-8 extension.  
However, the release-8 extension version requires the following extra bits:
	Field
	Number of Bits

	E-UTRAN_BA_USED
	1

	N_E-UTRAN
	2

	Release-8 extension
	1

	BITMAP_LENGTH
	7

	Option bit for E-UTRAN Report
	1

	Total
	12 bits


Table 1 – Extra Space for Release-8 Extension

Hence for reporting a single E-UTRAN neighbour cell there would be a space saving of 10 bits compared with modifying the message with a release-8 extension.  

2.3 New Message

Instead of modifying the existing message it would also be possible to create a new message that includes all of the options for reporting on the serving cell and both UTRAN and E-UTRAN neighbour cells.  
A new message, called the PACKET ENHANCED MEASUREMENT REPORT 2 message, could be coded as follows:

< PACKET ENHANCED MEASUREMENT REPORT 2 message content > ::=


< TLLI / G-RNTI : bit (32) >


{ < NC Measurement Report : < NC Measurement Report struct > > }


{ 0 | 1 < G-RNTI extension : bit (4) > }


< BITMAP_LENGTH : bit(7) >


{ 0 | 1 < REPORTING_QUANTITY : bit (6) > } * (val(BITMAP_LENGTH + 1 ) )

{ 0 | 1 < E-UTRAN Measurement Report : < E-UTRAN Measurement Report struct > > }

< padding bits > ;

A similar message could be provided for the ENHANCED MEASUREMENT REPORT.  
Without modifying the NC Measurement Report struct, there are 2 bits that can be saved with respect to modifying the existing message with a release-8 extension (the Rel-5 and Rel-8 extension bits).  Modifying the NC Measurement Report struct would save a further 2 bits (the legacy ‘0’ form the serving cell data structure and the optional bit from the bitmap reporting structure) at the expense of further complexity.

2.4 Comparison of Approaches
In order to compare the message size requirements for the different options we consider a common scenario where only one E-UTRAN neighbour cell is being reported.  

The advantages of creating a new message are:

· The new message is cleaner and can be slightly more compact (saving 2-4 bits) than modifying the message with a release-8 extension but is not as efficient as the modified message without the release-8 extension.  

· The message is extensible as the new bitmap reporting is a deterministic size.  
The advantages of modifying the existing message with a release-8 extension are:

· The network and the mobile do not have another message to deal with.  

· There is minimal impact on standards in terms of defining the message and supporting procedures.  
· The message is extensible as the new bitmap reporting field is a deterministic size.  
The advantages of modifying the existing message without a release-8 extension are:

· The network and the mobile do not have another message to deal with.  

· There is the least impact on standards in terms of defining the message and supporting procedures.  

· The message is more compact (saving 10 bits over modifying the message with a release-8 extension) thus potentially allowing more neighbour cells to be reported.

It should be noted that if 3 bit reporting is acceptable to RAN4, it would be possible to use this in all options.  If more than 3 bits are required then only the new message and modified message with a release-8 extension can be adopted.  

3 Conclusions

As the creation of new messages has only marginal (2-4 bits) space savings over modifying the existing message with a release-8 extension and is in fact less efficient than modifying the existing message using the Repeated invalid BSIC structure, it is concluded that a modification approach should be adopted.  Modifying the existing message has the least impact on both standardisation and implementation.  
The main advantages of the release-8 extension approach are:

· It is cleaner and more extensible. 

· It allows for the possibility of 3 bit or 6 bit reporting as required.

The main advantages of the Repeated invalid BSIC approach are:

· It is the most space efficient method potentially allowing more neighbour cells to be reported

Either of these options would be technically feasible, although the Repeated invalid BSIC approach is dependent on RAN4 deciding that the 3 bit reporting is sufficient.  
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