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1.
Introduction

UTRAN Autonomous Compressed Mode Operation was discussed as a possible new work item in RAN #47. The outcome of the RAN plenary discussions was that it was agreed to present more details in RAN1 about how the scheme would work, and postpone the decision on whether to introduce a work item until RAN#48. In this contribution, we present further motivation for a UE originated fast option to activate and deactivate compressed mode when HSPA connection is active, and details of how it might operate. As it is not anticipated that the compressed mode activation would be fully autonomous and that some network confirmation would be required, we refer to this new mode of operation as “L1 activated compressed mode”, to avoid possible confusion which arose in RAN plenary about how autonomous the UE operations would be.
2.
UTRAN L1 activated Compressed Mode Operation
Motivation
3G/2G inter-system mobility is very important even with current levels of 3G coverage and inter system handover to E-UTRA hotspots will become increasingly important in the near future. In addition, inter-frequency load balancing and inter frequency CSG (closed subscriber group) hotspot detection are also likely to create further demands for compressed mode based UE measurements in the future. 
Rel-99 compressed mode activation is RNC controlled and the implied delays require 3G/2G inter-system or other coverage based HO preparation measurements to start early. To ensure a reliable and robust handover, the thresholds for triggering compressed mode need to be rather conservative to ensure that the connection is not dropped in the time before the procedure can be completed. This means that in quite many cases, the compressed mode activation delays lead to inefficient use of 3G coverage compared to the case where handover could be triggered at a lower threshold and the measurements still completed in time. By cutting the RRC signalling (RNC) and especially the need for activation times covering the worst case RRC signalling delays out of the compressed mode procedure, the handover procedure could be speeded-up, resulting in reduced call drop rate and/or better coverage on 3G. Figure A illustrates the basic idea. 3G coverage expansion is made possible by faster L1 activated compressed mode operation. Additionally, faster HO preparation can be used to maximise inter frequency/system HO reliability rather than increasing the coverage area. 
Especially in an environment where serving cell signal could deteriorate very quickly, fast HO would be benenficial to improve HO reliability. Similar thinking led to the specification of enhanced serving cell change (E-SCC) in release 8, and the impact of such sudden changes in environment to the serving cell change procedure performance was studied [1]. Urban canyons were shown to be a cause for a significant amout of dropped calls when legacy (RNC-based) serving cell change procedure was used. Fast HO procedures can be seen as an important method to improve call reliability in ISHO/IFHO in challenging environments such as urban canyons, similarly as E-SCC is seen as a method to improve serving cell change reliability. While inter frequency or inter system handover at the edge of coverage is a different scenario from E-SCC in that the handover can always be triggered at an earlier point to make it more robust, this is naturally inefficient especially when considering the user benefits of remaining on 3G compared with an early handover to GSM.
In addition to the coverage limited situations discussed above, compressed mode can be used for UE measurements to support load balancing (inter-frequency or inter RAT HO) and inter frequency closed subscriber group (CSG) and open access UTRA or E-UTRA hotspot detection. In non-coverage limited compressed mode (if UE can indicate start or willingness to start compressed mode) L1 activated compressed mode operation can be used to reduce RRC signalling overhead. It also gives UE or the node B a possibility to quicly receive or request compressed mode gaps for inter frequency or inter system measurements. 
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Figure A: 3G coverage expansion with Fast HO preparation
Another benefit of this approach is to minimise the amount of time spent in compressed mode, as compressed mode reduces both user throughput and system capacity. By providing a mechanism to deactivate compressed mode more rapidly either by UE request, or network control, the time spent in compressed mode can be minimised.
Operation
L1 compressed mode activation is proposed only to be used only with HSPA configuration (including CS voice over HSPA). For situations in which the RNC needs to be more aware of compressed mode operation (e.g. CS bearer), legacy compressed mode procedure is more appropriate. 
The following steps are proposed as the basic operation of L1 activated compressed mode:

1. NW pre-configures compressed mode parameters to UE using existing signalling. In addition, compressed mode activation and deactivation thresholds need to be added to the parameters of each compressed mode pattern (either RSCP or Ec/Io activation or deactivation threshold can be configured). 
2. Based on measurements and pre-configured compressed mode activation threshold, UE decides when compressed mode trigger conditions are met.

3. UE indicates that the compressed mode trigger has been met. A rapid mechanism of L1 or MAC signalling (e.g. non reserved CQI codeword) or MAC header signalling should be used as indicator.

· This L1 or L2 indication might also be used in other scenarios not triggered by measurements, for example, in future to make background seaches for home node B when proximity is detected. This could remove the need for explicit proximity indication to the macro network as is required for release 9 handover to HNB on another frequency.
4. When this indication is received by the Node B, it activates compressed mode using L1 signalling (e.g. HS-SCCH order).

· HS-SCCH order could be used by the node B also without UE indication to start comperessed mode for load balancing etc. This would allow the UE to start measuring on preconfigured carriers which could be evaluated for load balancing handover. Similarly, HS-SCCH orders could be used to activate compressed mode periodically to search for hotspot coverage on another carrier (such as E-UTRA).
5. A similar mechanism can be used for compressed mode deactivation. In this case, the UE could send non reservced CQI codeword or indicate in the MAC headers that the trigger condition for compressed mode was no longer met, and the node B would respond with a different HS-SCCH order to deactivate compressed mode. Rapid deactivation minimises the amount of time spent in compressed mode once it is no longer required.
3
Simulation results

In this section, we present results of system simulations to illustrate the improvement in coverage discussed in section 2 which may be obtained if compressed mode can be activated more quickly when the serving cell becomes weak.

The scenario which was considered was an indoor picocell, providing coverage to an indoor area such as a sports stadium or shopping mall on a dedicated carrier frequency. When exiting the indoor coverage, UE need to perform interfrequency (or interRAT) handover to maintain a call. Detailed simulation parameters are given in table 1.
The scenario can be visualised in figure 1 which shows an RSCP map indicating coverage of the indoor cell. The coverage is effectively contained within the building itself, due to wall penetration loss and the 24dBm power setting of the pico node B. This is confirmed in figure 2, which shows a map in blue of areas where RSCP≥-115dBm and in red where RSCP<-115dBm. In principle it should be possible to make a voice call on the picocell anywhere within the red area. The figure shows that within the building it should theoretically be possible to use the picocell at any location, whereas outside the building there is no coverage and it would be assumed to be necessary to perform handover to a macro cell.As it is desirable to off-load as much traffic as possible to the picocell, it would be desirable that interfrequency handover would occur just at the point that users are departing from the building.
[image: image2.emf]Figure 1: RSCP map, showing coverage of indoor cell
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[image: image3.emf]Figure 2: Map of area where RSCP>-115dBm
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	Parameter


	Assumption

	Cellular layout
	Hexagonal grid, 1 sites with 1 sectors, no wraparound and other carrier coverage assumed to be ubiquitous outside this area.

	Propagation Model
	L= 128.1 + 37.6Log10(Rkm)

	BS antenna gain
	0dBi

	BS antenna pattern
	Omnidirectional

	Wall penetration loss
	20dB

	Wall thickness
	1 metre

	BS total TX power
	24dBm, cell 100% loaded

	UE antenna gain
	0dBi

	UE noise figure
	9dB

	UE speed
	1 km/h

	Building dimensions
	800m x 800 m with node B at centre

	Call location
	Calls stared at 300m from centre of coverage, user proceeds radially out of the coverage area. All directions evaluated in 7o steps

	Shadow fading
	Lognormal, 4dB standard deviation

	UE measurement filter
	4 sample sliding window, measurement samples every 50ms

	Simulation step size
	50ms

	Compressed mode activation
	UE measured RSCP < CM_THRESHOLD, various values of CM_THRESHOLD = {-110,-109,-108,-107,-106,-105,-104,-103,-102,-101,-100}

	Handover delay
	Handover completed HO_DELAY seconds after compressed mode activation. Variois values of HO_DELAY = {1,5} seconds simulated. Dropped call evaluation stops at the end of HO_DELAY period.

	Statistics logged
	Dropped call rate

Distance from centre of simulation to point where successful handover to other carrier is comleted

	Table 1 : Simulation assumptions


In figure 3, we provide call failure probabilities for different compressed mode activation thesholds and handover preparation delays of 5 seconds, 2.5 seconds and 1 second.
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Figure 3 : Call failure probability for different compressed mode activation thesholds and delays
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5 second HO preparation

1 second HO preparation
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From figure 3, it can be seen that a faster HO preparation means that HO preparation can be started closer to the edge of the coverage area (lower RSCP). However, reducing HO preparation delay from 5 seconds to 2.5 seconds has almost no impact on the call failure rate. This can be explained because even 2.5 second handover preparation delay is too long to complete the handover before the call is dropped if compressed mode is triggered once the UE has started to exit the building. In both 5 second and 2.5 second cases, to ensure low probability of failure compressed mode must be triggered when still inside the building.

For 1 second handover preparation delay, the results indicate that compressed mode can be activated at approximately 2dB lower RSCP while still ensuring a low probability of call drop allowing for shadow fading and the possibility that the user will leave the coverage area of the pico cell, if HO preparation can be completed in 1 second, compared with 5 seconds.

In figure 4, we provide an indication of the additional coverage which can be obtained by using -106dBm threshold, compared with the coverage from -104dBm. It can be seen that with the lower threshold, the handover can often be performed right at the exit from the building, except for cases where the user goes to one of the corners of the building which already have very weak indoor coverage (as can be seen in figure 1).
In the case of 5 second handover preparation delay a safety margin always needs to be used, and the handover occurs in all cases some metres inside the building, rather than at the exit itself to ensure that the call is not dropped during the time that the user exits. Results for 2.5 second handover preparation delay are not presented in figure 4, but due to the need to use an identical handover trigger threshold, the results for 2.5 seconds would be expected to be identical to the results for 5 seconds. Figure 5 presents similar data in CDF format, and it can be seen that the coverage of the indoor cell can be extended by approximately 50 metres in nearly all cases, which is a significant improvment considering the likely desire to use the indoor cell as much as possible to off-load traffic from the macro cell whenever users are inside the building.

The results indicate that we can anticipate certain scenarios in 3G operations where it is important to be able to get a measurement report for another frequency or RAT quickly from the UE when the serving cell measurements indicate a trigger. The results also indicate that in these scenarios the level of optimisation achieved is very signicant (ie 2.5 second handover preparation delay gives almost no benefit compared with 5 second handover preparation delay, but 1 second gives a significant benefit) since UE cell detection and measurement themselves take some time and 1 second can be regarded as a lower bound on what would be techncically feasible to achieve in typical circumstances if compressed mode could be activated very rapidly with L1 signalling.
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Figure 4 : Map showing the positions in which outbound handovers are completed when leaving indoor coverage

 

 

-104dBm CM activation threshold, 5 second HO preparation

-106dBm CM activation threshold, 1 second HO preparation
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Figure 5 : CDF of distance from centre of building when handover occurs

 

 

-104dBm CM activation threshold, 5 second HO preparation

-106dBm CM activation threshold, 1 second HO preparation


4
Conclusions
In this contribution we introduced a new concept to enable UE to rapidly activate and deactivate (or indicate willingness to activate or deactivate) compressed mode operation to improve inter system HO reliability and/or 3G coverage and to reduce RRC signalling and overall time spend in compressed mode for load balancing, CSG hot spot detection or any other compressed mode based inter frequency measurement which may arise in the future. We have presented results from system simulation results showing the benefits of faster handover preparation in an indoor pico cell to outdoor macro cell scenario. The results are showing that it is beneficial to indoor coverage to be able to get a measurement report for another frequency or RAT quickly from the UE when the serving cell measurements indicate a trigger. The results also indicate that in these scenarios the level of optimisation achieved is very important and to get the full benefit it would be highly beneficial to be able to activate compressed mode with fast signalling such as L1 based techniques could offer. We believe that this approach offers a number of benefits, both to ensure that coverage is used as efficiently as possible, and also to more efficiently support mobility for non-coverage based reasons such as load balancing and handover to CSG cells. We welcome feedback on the proposal with a view to starting a work item in this area after RAN#48.
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If measurements can be started more quickly they can be started later (lower RSCP), coverage is extended (and still maintaining the same handover reliability as today)











Current Situation: Measurements/BSIC search needs to start early to account for delays, otherwise the 3G call might be dropped before a suitable GSM target has been found
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