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1
Introduction

The RAN meeting #36 discussed LTE Mobility Consideration [3] and revised the CR to TS36.300 in [4] in order to allow more time for analysing and identifying the most suitable tradeoffs between simplicity of E-UTRA network deployments and planning, E-UTRA mobility performance and UE power consumption. 

In the last RAN WG2 meeting it was decided that UE should read the P-BCH of all detected intra-frequency neighbouring cell for acquiring cell specific offsets before performing measurement reporting and cell reselection evaluation.. This decision was captured in the LS that RAN WG2 sent in [2]. The LS e.g. states the following:

“In order to allow for sufficient mobility control without NCL, RAN2 decided that an offset value (serving a similar purpose as Qoffset or Cell Individual Offset in UTRAN) shall be included in the P-BCH, which is transmitted every 40 ms on the centre 1.25 MHz bandwidth. The offset value will bias the measured quantity of the corresponding cell for mobility control, both in ACTIVE and IDLE modes. Regarding intra-frequency mobility, RAN2 agreed that:

· During ACTIVE mode:

The UE reads the P-BCH of detected neighbour cells to obtain the offset values. The UE triggers measurement reports based on the measured quantity to which the offset values are applied.

· During IDLE mode:

The UE reads the P-BCH of detected neighbour cells to obtain the offset values (the same value as for ACTIVE mode). The UE ranks the detected cells based on the measured quantity to which the offset values are applied, and performs cell reselections.

It was expressed by operators that this offset would be necessary primarily to control the cell boudaries considering the DL and UL coverage imbalance caused by DL/UL feeder cable loss difference (due to TMA) and eNBs having different transmission powers adjoining in the network [1]. With this mechanism, the offset sent in P-BCH applies to relations between the serving cell and all neighbouring cells, i.e., the offset is 1-to-all.”

RAN WG1 has developed such P-SCH and S-SCH channel design that it is possible for the UE to identify a cell on given frequency layer without decoding any system information from neighbour cell similar as in UTRA. The document [3] already indicated some implications that the neighbour cell P-BCH decoding for the measurement reporting and cell reselection evaluation purpose has on E-UTRA mobility performance and UE power consumptions. This contribution continues the analyses initiated in [3] and proposes solution options with tradeoff analyses. 

2
Implications of reading neighbour cell P-BCH
In this section we discuss the implications of reading cell specific offsets for the measurement reporting and cell reselection evaluation purposes from the P-BCH of all detected intra-frequency neighbour cells. Later on in the contribution we also discuss the usage of cell specific offsets. The main problems that decoding of cell specific offsets for measurement reporting and cell reselection evaluations and decisions causes are the following:

· Extra delay for measurement reports for the intra frequency cell case due both to P-BCH scheduling delay as well as possible decoding errors in neighbour cell P-BCH reception.

· Increased power consumption of devices due to frequent P-BCH decoding.
This means that even if a cell is quickly detected using P-SCH and S-SCH, a problematic P-BCH decoding of that cell (e.g. due to scheduling and interference situation) is likely to degrade handover and overall system performance due to delayed measurement reports and thus delayed handovers. The situation and delays are likely to become even more severe for terminals that have good neighbour cell detection performance as this means even worse radio conditions in decoding. Typically in RAN4 good UE cell identification performance is seen desirable in order to make sure that timely handovers can be performed.  
In addition to handover performance degradation, neighbour cell decoding is also likely to have a significant negative impact on terminal power consumptions during DRX/DTX operations (active and idle). When weak cells are detected, UE power consumption increases even further as the UE is required to keep receiver open for extended periods. Thus, also in terms of power consumptions, terminals with better cell identification performance suffer more. 
Furthermore, requirement to read the P-BCH from the neighbouring cells has also effect on cell reselection performance in idle mode. It seems that before the UE can make any cell reselection decision, it needs to obtain cell specific offset from detected intra-frequency cells. In the worst case this means that UE needs to read P-BCH from all detected cells (especially if significant differences in cell specific offset values need to be considered). As already discussed, some of the detected cells may be very weak and thus time to decode neighbour cell P-BCH may be significant. Naturally, criteria could be developed to allow UE to skip the reading of the P-BCH from some of the detected cells, but in practice this requirement would set a hard limit to cell reselection performance. 

The P-BCH detection performance is presented and discussed below based on the results shown in [5]:

Table 1 P- P-BCH performance based on [5] (green & yellow highlight scenarios with coverage reliability 
[image: image1.wmf]³

98, 
[image: image2.wmf]³

95%, respectively, at 1% P-BCH detection probability) 
	Transmit diversity
	# of soft combinings 
	Effective rate
	Required G-factor [dB] for 1% detection threshold
	Percentile below 1% detection threshold

	
	
	
	
	Case 1
	Case 3

	1 Tx 
	1
	1/3
	1.80
	42.1
	47.2

	1 Tx 
	2
	1/6
	-1.40
	18.1
	24.2

	1 Tx 
	3
	1/9
	-3.14
	7.2
	12.6

	1 Tx 
	4
	1/12
	-4.62
	2.0
	5.8

	1 Tx 
	5
	1/15
	-5.67
	0.5
	3.0

	1 Tx 
	6
	1/18
	-6.59
	0.1
	1.7

	1 Tx
	7
	1/21
	
	
	

	1 Tx
	8
	1/24
	
	
	

	2 Tx SFBC
	1
	1/3
	0.13
	29.9
	35.6

	2 Tx SFBC
	2
	1/6
	-2.89
	8.5
	14.1

	2 Tx SFBC
	3
	1/9
	-4.59
	2.1
	5.9

	2 Tx SFBC
	4
	1/12
	-5.97
	0.3
	2.5

	2 Tx SFBC
	5
	1/15
	-6.98
	0.0
	1.3

	2 Tx SFBC
	6
	1/18
	-7.77
	0.0
	0.8

	2 Tx SFBC
	7
	1/21
	
	
	

	2 Tx SFBC
	8
	1/24
	
	
	


The number of required soft combinings (10 ms P-BCH repetitions) vs G (SNR) at 1% P-BCH detection probability are shown in Figure 1.
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Figure 1 The number of required soft combinings (10 ms P-BCH repetitions) vs G (SNR) at 1% P-BCH detection probability
The results clearly indicate that the need to decode cell specific offset parameter from neighbour cell P-BCH might delay measurement reporting and cell reselections as neighbour cell P-BCH needs to be read for all detected cells . The results also show how the implications becomes even more severe when the UE detects weak cells and thus, needs to attempt P-BCH decoding for weak cells.
Without the need for decoding neighbour cell P-BCH for intra-frequency mobility support terminals could support detection, reference signal measurements and reporting and cell reselection evaluation as soon as L1 cell search (i.e. cell identification) is performed. If needed, during the actual cell reselection or handover execution, the P-BCH of the intra-frequency target cell could still be decoded while receiving data from the previous serving cell. Thus, in this contribution we want to distinguish the decoding of cell specific offsets from the P-BCH of all detected intra-frequency cells from decoding of the P-BCH of intra-frequency target cell during handover or cell reselection execution as these two cases have quite different implications from terminal power saving and mobility performance/delay perspective.
3
Network planning and optimisation aspects
The way cell specific offsets are now agreed to be obtained by terminals sets burden to all terminals in all networks regardless of whether the network uses cell specific offsets or not. As already discussed and agreed in RAN#36 it would be beneficial still to reconsider whether this is really desired outcome or whether support of cell specific offsets (e.g. for some special scenarios) could be achieved by means that could avoid negative implications e.g. in the E-UTRA networks that do not require cell specific intra-frequency offsets for mobility support. 

Practical experience from many UTRA networks has shown that cell individual offsets are typically rather set to the 0 value and only used in some special cases. There exists UTRA networks where cell specific Qoffset values are used more widely but then detailed network planning and parameterisation on cell by cell basis is required in order to ensure good system performance. When this level of network radio planning and parameter planning is done in the network, it should also be possible to provide this information from the serving cell as according to our understanding it would be quite unrealistic to assume that network self-configuration and self-optimisations could do the work. We also believe that for allowing the usage of cell specific offsets for some special cells we should not degrade E-UTRA mobility performance and UE standby times in typical cases. Instead we see that specific solution to these cases could be developed in case normal neighbour list type of solution is not considered feasible. 
Next we present an example of what kind of challenges we may phase in practical networks with 1-to-all cell specific offset configuration obtained from the P-BCH of the corresponding cell. The below shown example presents the influence of the proposed type of 1-to- all offset on the cell balance:
This example describes the influence of CIO broadcasted by cell 1 on the behaviour of the UE located in the cell boundary area of cells 1 and 2  

As planned CIO is used to shift cell boundaries.  The level of the reference signal of each detected intra-frequency cell is corrected with the relevant CIO broadcasted by that given cell. 

The following assumption has been done in this example. 

Due to e.g unfavourable location of cell 3 UE’s located in the boundary area between cell 1 and cell 3 and moving towards cell 1 should be forced to reselect cell 1 earlier (at weaker signal from cell 1). This is done by means of setting CIO of the cell 1 to e.g. +2dB. 

As cell1 becomes preferred cell UE moving from c2 towards c1 makes its cell reselection being in higher distance to c1. In case CIO of cell 1 would be set to 0 dB this UE would camp much longer in cell 2. As CIO is used to offset the measurement results in DL despite cell reselection to the new cell 1 UL could be still too weak to establish the connection. 

Being in the connected mode at this place this UE must transmit with higher Tx power in UL direction causing higher interference in the system and extensively consuming the battery.
The RACH must be transmitted as well with higher power to access the system. In case cell 1 belongs to another LA access to the system will be triggered to request Location Update procedure.
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Figure 2 Example
The UL problems indicated in the previous example could be at least somewhat solved by optimising cell specific offsets in terms of UL coverage to all directions but this could e.g. generate some DL problems instead. Furthermore, it is still likely to be difficult to find suitable cell specific offset, which is valid towards all other cells on that carrier frequency, in practice. If Qoffsets.n type of parameters are defined per a certain serving cell and neighbour cell it is easier to cope with some special scenarios and with different neighbour of the same cell. Without some complicated definitions for the usage of cell specific offset broadcast on the P-BCH of that cell, it may be difficult e.g. to find optimal solutions e.g. if different offset is needed when moving from Cell 1 to Cell2 from the offset needed when moving from Cell1 to Cell3 in the example shown in Figure 2). Different offsets to different directions could be supported with the Qoffsets,n solution that is defined for the R criterion of the UTRA cell reselection criteria as a certain offset value is used for a certain serving cell and neighbour cell pair only. Thus, this UTRA solution could also better cope with some special cells in special scenarios that require usage of Qoffset even in intra-frequency cell reselections. 
4
Alternatives to improve the situation
In this section we present and analyse alternatives to the mobility solution presented in the RAN2 LS [2]. We also propose a way forward based on the analyses. In the following Table 1 we have compared three different methods for intra-frequency cell specific offset delivery. We have considered both networks that use and do not use cell specific offsets. Additionally we have separately considered networks that use cell specific offsets as general mobility solution either in cell reselection comparison or in measurement reporting and then networks that use cell specific offsets to cope with some special cell in some rather special scenarios (i.e. not as a typical solution).
Table 2 Comparison of alternatives

	
	1) 

Decode Offset from P-BCH of intra-frequency neighbour cell
	2) 

Provide Offsets between the serving cell and each intra-frequency neighbour cell using normal white neighbour list
 (UTRA type of solution)
	3)

Provide Offsets between the serving cell and certain intra-frequency neighbour cells using neighbour list type of solution 

(Suitable for E-UTRA, only specific cells and parameters listed)

	UE power consumption implications
	Negative impact (-) in all networks
	No impact (+) as the information is provided through the serving cell
	No impact (+) as the information is provided through the serving cell

	Measurement reporting and possibly corresponding HO delays
	Negative impact (-) in all networks
	No impact (+)
	No impact (+)

	Cell Reselection delays
	Negative impact (-) in all networks
	No impact (+)
	No impact (+)

	Additional information needed in neighbour list/measurement control info
	No need (+)
	Only networks that use these offsets would need to broadcast this additional information  (-) Also in these networks only in the areas where offsets are used they need to be provided.
	Only networks that use these offsets would need to broadcast this additional information (-) Also in these networks only in the areas where offsets are used they need to be provided. 

This option is a subset of a solution 2) with possible signalling optimisations

	Possibility to set offset differently for a certain cell depending on from which each cell (i.e. area) the UE is moving to a given cell
	No (-) as the offset value is specific for a given cell. (1-to-all only)
	Yes (+). Thus, it is easier to cope with special cells with different type of neighbour cells (1-to-1 possible)
	Yes (+). Thus, it is easier to cope with special cells with different type of neighbour cells (1-to-1 possible)

	Network Planning
	Usage of cell specific offset in a network requires very accurate and detailed planning. Lack of linking offset per certain cell pairs makes the planning even more demanding (- -)
	Usage of cell specific offset in a network requires very accurate and detailed planning (-)
	Usage of cell specific offset in a network requires very accurate and detailed planning (-)


Based on the comparison presented above we feel that:
· It is better to allow the UE to perform neighbour cell measurements, measurement reporting and cell reselection evaluation and decisions without reading neighbour cell P-BCH in order to avoid delays in measurement reporting, handovers and cell reselections and increase in UE power consumption.
· When cell specific offsets are needed for intra-frequency mobility supported, it is better that they are provided by other means than by broadcasting it on the P-BCH of a given cell and UE decoding it from there. 

· In order to avoid too high negative implications some sort of neighbour list/measurement control information broadcast or signalled by the serving cell should be adopted for delivering offset values. This type of solutions also provides better control over offset parameters in different kind of scenarios. Additionally it would be possible limit the broadcasting/signalling to areas, where offsets are really needed. Thus, also unnecessary neighbour cell P-BCH decoding can be avoided in other cases.
· As in most networks cell specific offsets are only rarely used but these offsets might be helpful for optimising the network in some specific cases like tunnel, indoor environment, it would be beneficial to have the possibility to set 1 to 1 cell specific offset. 1 to all solution might not be useful in such special cases.
5
Conclusions

In this contribution we have discussed problems related to delivery of cell specific offset from the P-BCH of a given cell and related UE demodulation requirements, which cause additional delays and increase in UE power consumptions during longer DRX operations in idle mode. We have also presented alternative solutions with rather detailed analyses and comparisons. Based on the analyses we have concluded the following 
· The UE should be allowed to perform neighbour cell measurements, measurement reporting and cell reselection evaluation and decisions without reading neighbour cell P-BCH.
· Neighbour list/measurement control information broadcast or signalled by the serving cell should be adopted for delivering offset values when/if needed in the network and in given network area

· It would be possible limit the broadcasting/signalling of offset values to the areas, where offsets are really needed. 

· It should be possible to set 1 to 1 cell specific offset to better cope with special scenarios. 
We propose that the conclusions of this contribution are taken into account in E-UTRA mobility concept developed in RAN2.  It is also proposed that RAN4 will provide a needed guidance on this area to RAN2 as discussed in the RAN meeting #36.
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