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Optimized PWL based Measurement Report Solution
1 Background
With EUTRAN introduced, mobiles in GERAN have more neighbor cells, and with black list used for EUTRAN, it is a challenge to include additional measurements result for EUTRAN cells in measurement report messages. To identify a EUTRAN cell in the measurement report message, a frequency index and PCID are needed [1], which are 12 bits consuming much more bits than the measured signal result (6 bits). 
A solution[1] was discussed at GERAN#40 meeting, proposing to report EUTRAN cells in a similar way as UTRAN cells, and the mobile could identify an EUTRAN cell by the index of the cell in the Pseudo White List (PWL) which consists of all EUTRAN cells reported immediately before this time. EUTRAN cells which are not in the PWL are still identified by frequency index and PCID. 
Some concerns are expressed about the gain especially in the scenario where different frequency layers are implemented and are reported in turn. In this paper, an optimized solution is proposed in section 2, and a simulation with 2 EUTRAN frequency layers implementation has been done in section 3 and implementation complexity and advantages are analyzed in section 4. 
2 The Optimized Solution
A PWL is created and maintained only for EUTRAN neighbor cells in the MS and the network. The length of the PWL is fixed (e.g. Length=3~9) or specified (e.g. according to the number of implemented frequency layers) through signaling from the network. 
· If the network indicates that the PWL mode is active, the PWL will be created in both sides of the MS and the NW, and the PWL is null before the very first measurement report containing EUTRAN cells. 
· When EUTRAN cells need to be reported, the MS will check whether these reported cells are in the PWL. If these cells are not in the PWL, they shall be identified by frequency index and PCID, and if they are in the PWL, they shall be identified by the index according to their positions in the PWL with a bitmap type structure. 
· After sending a measurement report containing new cells different from the current PWL, the MS will add all these reported cells in this measurement message into the PWL and after receiving the measurement report, the NW will refresh the PWL in the same way as the MS. If the PWL does not provide enough positions to add these cells, the cells will be added in the bottom of the PWL, and the cells in the top of the PWL will be removed. Because the MS may not send EUTRAN measurement results in every report, the PWL does not need to be updated if the report does not contain EUTRAN cells.

· A sequence number (eg. 2bit) will be added into each measurement report containing EUTRAN cells to secure the reliability of PWL mechanism. If the network find the two consecutive received reports has inconsecutive sequence number, the NW can determine some measurement reports may be lost and indicate the MS by signaling that the PWL shall be reinitiated.
Following figure shows how the PWL works:
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Figure 1 PWL based measurement report for LTE macro cell scenario
Following is the suggested message structure for EUTRAN cells:
	< E-UTRAN Measurement Report struct > ::=


< E-UTRAN_BA_USED : bit >


< MR_Sequence_N : bit (2)>


{0 | 1



< N_E-UTRAN1: bit (2) >



 {
< E-UTRAN_FREQUENCY_INDEX : bit (3) >




< CELL IDENTITY : bit (9) >




< REPORTING_QUANTITY : bit (6) > } *(val(N_E-UTRAN1 + 1 ))};


{0 | 1



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


3 Simulation Results
The measurement results are affected not only by the distance to the eNodeB, but also by the shadow fading and fast fading, both of which are random values. In order to investigate the performance of this optimized PWL solution, a simulation has been done. 

In the simulated EUTRAN macro cell scenario, a UE is located on the random position in the centre cell, and moving toward a random direction with a pre-defined speed. The UE measures RSRP of all neighbor EUTRAN cells once every 5 seconds
 and then reports the three
 strongest measured RSRP in one measurement report message. The length of PWL is 6, and three cases are simulated:

Case 1: the neighbor EUTRAN only has 1 frequency layer

Case 2: the neighbor EUTRAN has 2 frequency layers sharing the same site. And 3 strongest cells are reported irrespective of their frequency layer.

Case 3: the neighbor EUTRAN has 2 frequency layers sharing the same site. And these 2 frequency layers are reported in turn. 
 [image: image2.emf]
Figure 2 simulated LTE macro cell scenario
Simulation assumptions are in table 1.
Table 1 Simulation Assumptions

	Parameter
	Value/Comment

	Channel model
	3GPP-TU

	Frequency Band
	900MHz and 1900MHz

	3-sector Cell radius
	500m, 1500m

	Antenna pattern
	65° 3dB horizontal beamwidth

	Macrocell pathloss
	the modified COST231 Hata urban propagation model

	Shadow fading
	Log normal shadow fading

	Measurement quantity
	RSRP

	UE velocity
	3 km/h (cell radius= 500m), 
30 km/h(cell radius= 1500m)

	Number of simulated UE
	100,000


The simulation results are shown in Figure 3. The probability of different number of reported EUTRAN cells using PWL based bitmap format is calculated from all measurement report messages. 
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Figure 3 Simulation Results
According to the simulation results:

· In 1 frequency implementation (case 1) and 2 frequencies implementation but reporting the 3 strongest cells irrespective the frequency (case 2), in about 90% of all the measurement report messages, all 3 EUTRAN cells could be reported in the PWL based bitmap format.
· In 2 frequencies implementation but reporting these 2 frequencies in turn (case 3), in about 70% of all the measurement report messages, all 3 EUTRAN cells could be reported in the PWL based bitmap format. In about 20% of all the measurement report messages, 2 of 3 reported cells could be reported in the PWL based bitmap format. So, PWL brings an obvious benefit for about 90% (70%+20%) measurement reports. 
4 Complexity and Advantages
Implement complexity of this solution is minor. The length of PWL is very short (~6), and it needs to be updated only when a measurement report message containing a new EUTRAN cell is received. So maintaining PWL will not cost much work in both the mobile and the network. Moreover, the parameters in the PWL are very simple (frequency index and PCID) compared with many huge data matrix stored in the network and the mobile. Even if the synchronization of PWL in both MS and NW is broken, the protection mechanism can quickly reinitiate the PWL setup procedure.
The number of cells reported in one message is updated accordingly and the performance increase about 50% (3 cells) compared with BL based solution. 
Table 2 Comparison of Measurement Reporting Messages

	Message Type
(BITMAP_LENGTH=64)
	No. of Neighbour cells GERAN / UTRAN/ E-UTRAN Supported - WL
	No. of Neighbour Cells GERAN/UTRAN Supported - WL and E-UTRAN Supported - BL
	No. of Neighbour Cells GERAN/UTRAN Supported - WL and E-UTRAN Supported – PWL(length=6)

	ENHANCED MEASUREMENT REPORT
	11 cells (any RAT)


	6 cells
e.g. 2 E-UTRAN + 4 GSM
	9 cells
e.g. 3 E-UTRAN + 6 GSM

	PACKET ENHANCED MEASUREMENT REPORT
	9 cells (any RAT)
	4 cells
e.g. 2 E-UTRAN + 2 GSM
	7 cells
e.g. 3 E-UTRAN + 4 GSM

	PACKET MEASUREMENT REPORT
	6 cells (Any RAT)
	6 cells 
with one or more E-UTRAN cell
	8 cells
e.g. 4 E-UTRAN + 4 GSM 
6 cells
e.g. 1 E-UTRAN + 5 GSM


5 Conclusion

Because the black list is used for EUTRAN, the number of neighbor cells reported in one message is substantially decreased when EUTRAN cells are reported. An optimized solution, a pseudo white list based measurement report for EUTRAN is proposed. The PWL is short (length =~6) and refreshed only when new EUTRAN cells need to be reported. According to the simulation results, the solution has a remarkable gain: about 90% messages can use PWL format bitmap to report 3 EUTRAN cells if three strongest cells are reported irrespective their frequency in single and two frequency deployment, and about 90% messages can use PWL format bitmap to report at least 2 EUTRAN cells when two frequency layers is reported in turn. 
The complexity is also reviewed. Considering the amount of data stored in PWL is very small, and the PWL is not updated frequently, so the complexity is considered minor. The advantage of PWL based solution is analyzed and about 50% (3 cells) performance increase is achieved comparing with the BL based solution.
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� The longer the simulated reporting period is, the worse the performance of PWL is.


� The maximum number E-UTRAN cells that shall be included in the measurement report should be set according to the parameter EUTRAN_MULTIRAT_REPORTING.
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