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1 Background
The method for ANR support in UTRAN was discussed in RAN2#71bis. 
The main focus of this contribution is to explore methods of ANR support in UTRAN, given the assumption available from proposals made in 3GPP. To support ANR in UTRAN three approaches have been discussed:

1. Cell re-selection based ANR

2. Re-use / extension of SI acquisition in CELL_DCH

3. Logging method

This paper discusses aspects of the different approaches and includes a detailed assumption on the logging method. The logging method is here based on cell re-selection and is explored further as this method has only been discussed on a high level.
As a way forward from RAN2#71bis it was noted:
· Answer the questions raised for SI-reading and cell reselection for next meeting. Decision on cell-dch-based vs non-cell-dch-based will be made in next meeting.
· Other solution can be provided but it would need to contain as many details as other solutions.
In previous meetings it was agreed that [ Report of 3GPP TSG RAN WG2 meeting #70bis, ETSI MCC]:
· ANR measurements are under the control of the NW (NW asks UE to perform ANR measurements)

· For Intra-UTRA case we could have dedicated control of ANR measurements

· FFS for inter-RAT case (depending on the method, maybe only the report from UE is needed)
In addition agreements following RAN2#71bis:
•
ANR capability will be signalled by UE to NW

•
Whether 1 flag is used or several flags are needed is FFS (several may be needed to distinguish inter/intra-RAT)

•
ANR capability is separate from CSG capability

•
For rel’10 ANR, UE should focus on rPLMNs (ffs what to do if additional info comes for free when we define the full solution)

The pros and cons of all but one of the approaches have been discussed extensively in several contributions. From implementation and functional support in rel-10, an approach that is simple for both UE and NW, not connected to CSG functionality and has no impact on UE power consumption or voice quality impact is preferred. 

2 Current ANR Method proposals
2.1 CELL_DCH/SI-Acquisition method

Similar to the ANR function in LTE, the ANR function active in CELL DCH allows automatic detection of new neighbour relations and SI acquisition using Compressed Mode (CM), or allow UE behaviour similar to an Autonomous gaps solution as in LTE.
Intra-frequency

The UE is typically configured to measure and report intra-frequency cells when in connected mode. When the UE reports an intra-frequency cell for which the NW has no neighbour relation, the NW can instruct the UE to read the ECGI, TAC and PLMN ID(s) of this neighbour (Measurement configuration purpose = reportCGI). The NW needs to configure compressed mode or by other means allow gaps ("idle periods") for the measurements and SI acquisition. An UE supporting ANR is thus allowed to temporarily abort communication with the serving cell to perform the SI reading.

1. UE reports intra-frequency detected cell (PCI) for which there is no neighbour relation in NW

2. NW instructs UE to acquire ECGI, TAC and PLMN ID(s) of detected cell
3. Using triggered CM/Autonomous gaps, UE reads System Information of detected cell.

4. UE reports neighbour relation info to NW
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Figure 1

The procedure above is as described in the email discussion [71#53] (R2-105428), but a step 12 is added. In this step 12, the NCL is pruned and unwanted cells are removed (example: distant cells across water, which are not appropriate neighbours). This activity can be seen as part of step 11, but is separated for clarity. The pruning may to some degree be automated, e.g. if ranges of PCIs and/or CGIs can be pre-planned to reject unwanted neighbours already at step 7 or 11. However, it is not likely that many cases of unwanted neighbours can be “automated”.
Inter-frequency and inter-RAT

Inter-frequency and inter-RAT measurements are typically not continuously configured in the UE. Triggers can be (a) coverage-based or (b) service- or load-based. Coverage-triggered inter-frequency measurements are typically configured in the UE when serving cell drops below certain threshold and no suitable intra-frequency cell for HO or re-selection is available. Similar conditions apply to inter-RAT. Service- or load-based triggered inter-frequency measurements may occur at any place in a cell.
In LTE, the inter-frequency / inter-RAT ANR is similar to the intra-frequency ANR, but the NW provides additional information to the UE to limit the search effort for detected cells in the UE:

1. NW instructs the UE to measure and report inter-frequency / inter-RAT detected cells on the indicated frequencies/RATs. 

2. UE reports physical layer identity of inter-frequency/inter-RAT detected cell (PCI/PSC/ARFCN+BSIC) for which there is no neighbour relation in NW

3. NW instructs UE to acquire ECGI, TAC and PLMN ID(s) of detected cell

4. Using Autonomous gaps, UE reads System Information of detected cell. (“Autonomous gap” was originally defined as DRX gap created by data inactivity, but has been modified to allow the UE to pause activities in the source cell.)
5. UE reports neighbour relation info to NW

There is no requirement to align a UTRAN ANR solution with LTE ANR, but it is good to understand that the method in LTE is a 2-step approach based on detected cell reporting by the UE after which the UE is instructed to obtain SI information for a specific detected cell. 
Step 9 in the figure 1 typically incurs significant interruption. The next clause discusses the time needed for a single-RX UE to read target cell System Information.

2.1.1 SI Acquisition time

The overall procedures to acquire Physical Cell ID and Global Cell ID, respectively, are shown in the table below:

	
	E-UTRAN
	UTRAN
	GERAN

	Read Physical Cell ID
	1. acquire frequency and symbol synch

2. Read PSS/SSS to acquire frame timing and PCI
	1. Acquire slot synch based on P-SCH

2. Acquire Frame synch and Code-group ID based on S-SCH

3. Find Primary (cell) scrambling code from CPICH 
	1. Acquire frequency via FCCH (once every 240ms)

2.  Acquire frame numbers and BSIC in SCH

	Read Global Cell ID
	3. Read MIB in subframe 0. Provides SFN to locate SIB1

4. Read SIB 1 in 1-4 occurrences of  subframe 5
	4. Read MIB (every 8th frame in FDD, every 8/16/32) to find location of wanted SIBs

5. Read Scheduling Block (if present) to find location

6. Read SIB1 and SIB3
	1. Acquire SI3. Occurs with period 1,92 seconds in known time position

2. Acquire SI13 (for RAC). Occurs typically with period 3.84 seconds


Table 1. Acquisition of PCI and CGI in different RATs

Two potential design alternatives are:

1) Network ensures that the UE, which is ordered to read SI of a target cell has soon before read the PCI of target cell and acquired it’s timing. The UE keeps record of target cell timing and uses it to only “leave” serving cell at the precise moment(s) when needed SI appears.

2) Network has not ensured that UE has target cell timing or UE has a simplified implementation. UE “leaves” the serving cell for one undivided period to acquire timing and read CGI

Assuming alternative 2, where the UE leaves the source cell in a single undivided period to synchronize and read the relevant SI blocks, we expect the following interruptions:
· 0,1-0,2 seconds (E-UTRAN)

· 0,5-1 second (UTRAN)
· 2-4 seconds (GERAN)

It can be assumed that multi-second interruptions for a connected UE (i.e. CELL_DCH) may have adverse impact on performance or measurement procedures for mobility. This method thus depends considerably on step 3; the network should select ‘inactive’ UEs. 
2.2 Detected cell re-selection

In the cell re-selection based ANR approach the UE would re-select to a detected cell, acquire SI, and store relevant neighbour information for ANR reporting later. The neighbour cell system information acquisition comes "for free" when the UE re-selects to the detected cell. The UE reports to the network at a suitable time, say, at a time when UE has a UL transmission.
Note that in idle mode re-selection, as defined today, the UE does not re-select to detected cells. 
2.2.1 Method characteristics:

1. UTRAN selects UEs to perform ‘detected cell reselection’.

2. ‘Detected cell reselection’ differs from normal cell reselection:
a. ‘Detected cell reselection’ selects also cells, which are not in source cell NCL

b. For ANR new trigger and thresholds may be added separate from legacy cell reselection
c. ‘Mechanisms to avoid unwanted reselection may be added:
i. Standardized rules, e.g. ‘always exclude unsuitable cells, as defined today, from ANR reselection’

ii. an ‘ANR reselection/reporting allowed’ flag in target cells

iii. Signal ‘allowed PSC range for ANR’ in source cell

d. May add currently ‘disabled cells’ to reselection candidates

i. Carriers with lower or no ‘priority’, if priority-based method is used

3. ‘Detected cell reselection’ applies only in selected states, e.g. Cell_PCH and URA_PCH.

a. Unclear if UE is “forced” to remain in this state

With the above mechanisms to avoid unwanted reselection most potential problems with selection of a detected cell are eliminated. 
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Figure 2
We assume that reporting of missing relations (steps 8 and 9) are only performed in UTRAN and in the same PLMN where the UE identified the missing neighbour relation.

In the following clauses we present our view on three issues with the Detected Cell Reselection method.
2.2.2 HO performance 

The detected cell re-selection depends on the cell re-selection and related parameters. In RAN2#71bis, some operators expressed that the main goal with ANR is to enable voice continuity, and that cell reselection shall provide means for HO decision. We believe that the main purpose of ANR is to provide routing information for the Relocation Required message and proper NCL communicated to the UE. Handovers are performed as usual, based on normal trigger conditions. Optimizations may thus not be required. If essential for ANR, a new trigger for re-selection may be added using thresholds with similar value to what HO parameters would be.
2.2.3 Detection of IF/IRAT neighbours only used for service/load-based handover

In case the intra-frequency cell coverage is good, there is the possibility that the UE will not re-select to (detected) inter-frequency and/or inter-RAT neighboring cells, because the current frequency provides good coverage. In such case cell re-selection based ANR will not reveal the neighbor relations unless new triggers and thresholds are selected/tuned appropriately. On the other hand, UEs on the other frequency/RAT will very likely reselect to the cell with the missing relation, so the network can detect the missing relation by ‘mirroring’ detected cell relations (shown in step 11).
2.2.4 Mobility

Cell re-selection based ANR does not work with stationary devices. Especially stationary devices may be deployed in areas/locations where "normal" UEs do not roam e.g. indoor and remote areas. However, it can be assumed that by configuring a number of UEs supporting ANR, the availiable measurements can be obtained, i.e it is very likely that one or a few UEs find the new neighbor relation. We regard this mainly as a network algorithm issue (step 2, in figure 2).
2.3 Logging method
The cell re-selection based approach is simple to implement for the UE and therefore attractive. However in case detected cell re-selection is considered not sufficient and thus not desired, a variant on this approach for ANR can be explored, namely the logging method. Here the currently specified logged MDT methodology can be re-used to serve the needs for ANR in UMTS. ANR support in non CELL_DCH states is preferred to limit the UE impact. The benefit with this method is that it to a large extent builds on existing measurements for cell reselection, logged MDT; with the extension of triggers and thresholds for ANR.
Two flavours on cell re-selection impact can be envisioned:

1. UE is allowed to re-select to detected cells
2. UE reselects to cells in NCL only (i.e. legacy behaviour), but (when detected cell meets logging criteria) “tunes” to detected cell to read SIB (during DRX periods) and then reverts back to source cell.  
In the following we assume that UE maintains legacy behaviour (alt 2 above).

2.3.1 Logging method flow:
· Network initiates the procedure to UE in RRC Connected by sending an Idle Logging Configuration message ANR, (similarly to what is used to transfer configuration parameters for Logged MDT):
· UE stores configuration of the triggering of logging events, logging duration, absolute time stamp and (optionally) logging area.
· UE can be configured to search intra-frequency, inter-frequency and inter-RAT in any situation. (e.g. always intra-, inter- depending on UE capabilities)
· UE only logs cells which are 
· (a) for GERAN/UTRAN not in broadcast info of source (camped) cell; 
· (b) for E-UTRAN all cells in broadcasted EARFCNs excluding blacklisted cells, 
· (c) meet logging criteria and 

· (d) Includes a PLMNid matching the UEs RPLMN.
· A new indication that UE has an log for ANR purposes is introduced:
“Found a non-NCLed cell”

· In Idle mode, periodic downlink measurements according to configured logging interval are performed; in seconds in multiples of the applied IDLE mode DRX (FFS if other states should be supported):
· logging criteria for detected cells are FFS but are expected to be similar to current reselection rules. 
· Extension to support SI acquisition from neighbour cells
· The measurement logged in UE consist of:

· Global Cell identity of the cell, where the UE is camping

· Physical cell identity of the logged (detected) cell

· Carrier frequency (for inter-frequency and inter-RAT neighbours)
· Global Cell Identifier of logged (detected) cell
· The UE indicates the availability of Logged MDT measurements in e.g. RRCConnectionSetupComplete message during connection establishment.
· Logs are always indicated (i.e sent upon request) in an already NCLed cell, in same PLMN and RAT
· NW request log from UE with the ‘UeInformationRequest’ procedure.
· Logs are deleted after successful reporting (regular logged MDT behaviour)
[image: image3.wmf] 

UE

SRNC

11

.  

Transfer missing info to source

 

neighbor cell

. 

Update NCL

.

Optionally ’mirror’ NCL in target cell

1

. 

UE indicates its ANR capability

. (

intra

-

frequency

, 

inter

-

frequency

, 

inter

-

RAT

)  

2

. 

RRM decides whether UE is suitable 

for specific ANR task  

4

. 

IdleANRConfiguration

 (

Log duration

. 

Measurement scope

)

3

. 

RRM decides at certain instance

, 

UE should start specific ANR task

.

6

. 

RRCConnectionRequestComplete

 

(

If in same PLMN as 

4

. 

was received

, 

then indicate when 

(

partial

) 

MDT log is present

)

Detected 

cell

5

. 

UE behaves in normal way

, 

but records information when in 

Cell

_

PCH

, 

URA

_

PCH and Idle state

7

. 

ANRInformationRequest

7

. 

ANRInformationResponse

 

(

logged ANR info

)

1

2

.  

Optimize NCL

, 

remove 

unnecessary cells

 


Figure 3
2.4 Network control

For the purpose of ANR it is desirable to acquire the neighbour relations of a particular cell, e.g. cell for which there is a high dropped call rate. In the cell re-selection ANR approach, the UE could report its detected cell re-selection history in a cell where "ANR reporting" is indicated in SI. The UE's supporting "ANR for UMTS" (or fraction there off similar as with MBMS counting) would trigger "ANR reporting". However it may be difficult to control the amount of ANR reporting in this way. 
It is noted that in ANR for LTE the network has explicit control for which reported PCI the UE shall acquire neighbour relation information. 

2.5 Supported UE states 
Idle mode cell re-selection applies to Idle mode, CELL_PCH, URA_PCH and CELL_FACH state, i.e. those are the potential states the UE could support ANR in UMTS. The UE state when the UE camps on a cell depend on the supported states in the network, and the network policy. 

The logged method can similarly to logged MDT and cell reselection be supported in all battery saving states, e.g. Idle, PCH and FACH. It needs to be discussed thought to what level the ANR function needs to be supported and what state support would be sufficient. To limit the implementation impact on UE and NW it is desirable to limit the number of supported UE states. 

2.6 ANR UE capabilities

ANR for UMTS is assumed to be an optional feature, similar as in LTE. In addition it should be discussed if separate ANR features are defined for:
· Intra-frequency ANR

· Inter-frequency ANR

· Inter-RAT ANR

3 Method comparison

	 
	Cell reselection
	Logged ANR
	Cell_DCH

	Data interruption
	· No
	· No
	· Yes (depends on UE selection algorithm in RNC, i.e. “how close to Idle the selected UEs are”)

	KPI reduction. E.g. RLF frequency, performance impact
	· None
	· None
	· None if UE performs SI acquisition in non-Cell_DCH state.

· Otherwise KPI reduction

	Algorithm latency. All are configurable
	· Higher
	· Higher
	· Lowest

	NW load
	· Low for intra-RNC case

· Higher for inter-RNC/RAT cases
	· Low for intra-RNC case

· Higher for inter-RNC/RAT cases
	· Higher

	NW complexity. Incl. transfer from target to source node.
	· Low for intra-RNC case

· Moderate for inter-RNC case

· High for inter-RAT case
	· Low for intra-RNC case

· Moderate for inter-RNC case

· High for inter-RAT case
	· Low (NCL maintenance), no intra/inter RNC cases.

· Moderate-High for selection of UE and SI reading opportunity control 

	UE complexity
	· Low if normal reselection mode

· Moderate if UE records also other cells
	· Low if UE re-selects to detected cell
· Moderate if UE logs detected cells without re-selection
	· Moderate-High (highest if SI acquisition is performed in Cell_DCH state)


4 Summary and conclusion
In this paper we have depicted the basic characteristics of the proposed solutions for ANR in UMTS. 
The ANR Requirements stated in the WID [10], which defines the scope of ANR for UTMS to Intra-UTRAN and Inter-RAT including GSM and LTE; Specifically ANR for UMTS [10]:

· Limit user perceived impacts (voice quality, throughput, power consumption)

· UE and NW complexity (implementation, feature dependency, signaling impact, supported UE states, re-use of existing functionality)

As the different alternatives as outlined in this contribution are increasingly clear, it is our conclusion that:

· The SI acquisition/CELL_DCH approach is not expected to offer a simple solution and it may impact end user performance. This in turn may result in less UE support and increased testing effort.

· The Cell Reselection method fulfills the core ANR WI requirements and as being simple, does seem to be the most feasible alternative for Rel-10.

· The logging method, as described here constitutes a second feasible alternative based on existing cell reselection. With methodology and principles reused from Logged MDT, the solution does not impact or modify “normal” cell reselection. It can also be assumed that for this solution, extensions in future may be readily supported, while allowing for a stepwise increase in complexity for both UE and NW.
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