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1. Introduction

For several meetings, RAN4 has discussed measurements without compressed mode for multicarrier HSDPA but has not yet concluded on the appropriate core requirements for measurement performance. A way forward was approved in [1] and includes the following issues for investigation. 
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This contribution is provided as input to the investigations.
2. Discussion

Delay Requirement
To address the discussion on delay requirement, we performed a system simulation campaign. The scenario considered involved investigation of an assumed configured secondary frequency, and the inter site distance and node B CPICH TX power were chosen such that there was not quite continuous coverage on the frequency. Detailed simulation parameters are given in table 1, and a map of the coverage of this frequency is shown in figure 1.

	Network layout
	7 sites, 3 sectors per site

	Node B CPICH transmission power
	24dBm

	ISD
	5km, 1.25km

	Shadow fading variance
	0dB

	UE velocity
	3km/h, 30km/h, 120km/h

	UE noise figure
	9dB

	Measurement period
	480ms, 960ms, 1920ms, 3840ms, 7680ms, 15360ms

	Measurement samples per measurement period
	5

	
	

	Propagation Model
	L= 128.1 + 37.6Log10(Rkm)

	BS antenna pattern
	Macro cell:
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is defined as the angle between the direction of interest and the boresight of the antenna, 
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 is the 3dB beamwidth in degrees, and  Am is the maximum attenuation. Front-to-back ratio, Am, is set to 20dB. 
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used is 70 degrees .




Table 1 : Main simulation assumptions

Figure 1 shows the theoretical Ec/Io of the best cell as a geographical map.
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Figure 1 :The theoretical Ec/Io of the best cell as a geographical map.
To investigate the effect of different measurement periods, both event 2C (The estimated quality of a non-used frequency is above a certain threshold) and event 2E (The estimated quality of a non-used frequency is below a certain threshold) were investigated. For the event 2C evaluations, a UE connection was started with the UE outside the central site, and the UE moved towards the site. When event 2C with threshold -16dB is triggered, the geometry of the target cell is logged. Similarly for the event 2E evaluations, a UE connection was started with the UE inside the central site, and the UE moved away from the site. When event 2E with threshold -16dB is triggered, the geometry of the target cell is logged. Different UE velocity and measurement periods were evaluated.
Figures 2-4 show the results for event 2C at velocities of 3km/h, 30km/h and 120km/h and figures 5-7 show the corresponding results for event 2E.
The UE in the simulations is assumed to sample the Ec/Io 5 times during the measurement period with samples equally spaced and a sliding window measurement filter was used such that the event 2C/D evaluation was repeated every time a new filter sample became available.
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Figure 2 : Comparison of geometry CDF for E2C and different measurement periods, 3km/h
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Figure 3 : Comparison of geometry CDF for E2C and different measurement periods, 30km/h
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Figure 4 : Comparison of geometry CDF for E2C and different measurement periods, 120km/h
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Figure 5 : Comparison of geometry CDF for E2E and different measurement periods, 3km/h
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Figure 6 : Comparison of geometry CDF for E2E and different measurement periods, 30km/h
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Figure 7 : Comparison of geometry CDF for E2E and different measurement periods, 120km/h


	


Essentially there are two effects which can be observed when longer measurement periods are used. Firstly the increased delay introduced by the increased measurement period means that the measurement report is delayed. For UE entering coverage (and thus triggering event 2C) the delay means that the geometry when they report event 2C is increased compared to a UE with less reporting delay. For UE leaving coverage (and thus reporting event 2E) the converse happens, and geometry will be lower when event 2E is reported compared with a UE with lower reporting delay.
The results so far have been provided for a rather large ISD (5000m). What is important, however, is the UE velocity relative to the ISD. This is illustrated in figure 8, which is nearly identical to figure 7 for event 2E reporting with different measurement periods, although the ISD has been reduced to 1.25km and the UE velocity reduced to 30km/h.
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Figure 8 : Comparison of geometry CDF for E2E and different measurement periods, 30km/h


	


Based on this, we can conclude that there is no “one size fits all” measurement period which can be derived. The other aspect which we would note is that there is no way to understand the criticality of a late measurement report without also understanding (or limiting) the purpose for which it will be used. For instance, a late measurement report might be somewhat tolerable if the event 2C is used to trigger a swap of the primary and secondary carriers for uplink load balancing purposes, or event 2E is used to de-configure the secondary carrier when it becomes unusable. However, the events may be used for more critical mobility purposes, such as detecting that an interfrequency handover is required because coverage on one of the multicarrier HSDPA frequencies is ending. The simulations performed make no assumption on how the events will be used, simply focussing on the different radio conditions which exist when the events are reported.

If inter-frequency measurements without compressed mode had no additional cost then the appropriate action would be for RAN4 to specify a measurement period which was suitable for all practical deployments and usage of the measurement events. For intrafrequency measurement events there is typically only a very small cost associated with extra measurement activity and moreover intra event reports are almost always time critical. Therefore the approach for intra measurements is to define a short measurement period (200ms) and the possibility of additional L3 filtering if the network wishes to increase the filtering. This approach does not seem so applicable for multicarrier interfrequency measurements.

We note that especially if the secondary frequency is deactivated, interfrequency measurement samples made in this way do have a penalty associated with them, specifically
· Especially if the secondary frequency is deactivated and an RF chain needs to be started to make the measurement (typical DB-DC-HSDPA case) there is increased power consumption for the duration of the measurement

· If the secondary frequency is deactivated and shares an RF chain with an active carrier, the measurement will cause a glitch to the reception of the active carrier

· If the secondary frequency is deactivated and shares an RF chain with an active carrier, there will be increased RF noise for the duration that the RF bandwidth is configured to include additional bandwidth.

A UE cannot be aware of the deployment conditions it is operating under, or the purpose for which measurement events are used by the RNC. Similarly, it seems challenging for RAN4 to define a single measurement performance level for deactivated cells which addresses the tradeoff between measurement reporting delay versus impact of increased measurement activity in the UE. Hence there is a dilemma on how to define the measurement period for these types of measurement. Indeed for precisely this reason, for E-UTRA carrier aggregation a new information element measCycleSCell was introduced to configure the activity of gapless measurements of SCells when the SCell is configured but deactivated.
For UTRA, due to ASN.1 freeze it seems impossible to introduce a new IE to configure the measurements. On the other hand, we believe there is a way to configure the measurement activity using existing signalling.

We note that the primary purpose of introducing measurements without compressed mode is to avoid unnecessary gaps in the uplink and downlink when a UE is able from a hardware point of view to measure the frequency without such gaps. Hence we think that the UE which supports inter-frequency measurements of configured carriers without gaps could still be configured with a compressed mode pattern. The main difference from the legacy operation is that gaps do not in principle affect the serving cell(s) reception or transmission(although there may still be some retuning interruptions before and after the measurement is made).
Proposal 1 : At least for measurements of configured but deactivated secondary carriers, legacy compressed mode parameters define the measurement activity. The main difference from the legacy operation is that gaps do not in principle affect the serving cell(s) reception or transmission(although there may still be some retuning interruptions before and after the measurement is made).
Proposal 2 : When CM parameters are used to configure the measurement activity, existing CM inter-frequency RRM requirements specify the core measurement performance.
Maximum allowed packet loss rate on deactivated carrier due to RF tuning
Another benefit of this approach is that the node B will have an indication of the times when the UE is likely to make interruptions, assuming it needs to perform retuning.  For example, an RF interruption of up to 0.5ms at the start and end of compressed mode gaps has been assumed earlier by RAN4 and it may be reasonable to assume similar interruptions for changing the RF centre frequency and bandwidth for measurements of deactivated carriers without gaps. Therefore a packet scheduler would be able to chose to avoid scheduling a UE during such gaps.

One possible issue with this approach is that the node B is unaware of the RF architecture that the UE uses. Hence it cannot know with absolute certainty whether in a given scenario a UE will have glitches, and which carriers the glitches wil affect. There can be two possible approaches to solve this issue
One option is for the UE to explicitly signal the mapping between deactivated UARFCNs and the other UARFCNs which are affected. For example, if a 3C UE supports a configuration with 2 adjacent carriers f1,f2 with one RF chain, and another carrier f3 on a different band with a differnet RF chain then the mapping looks like

f1deactivated and measured -> f2 reception would be affected

f2 deactivated and measured -> f1 reception would be affected

f3 deactivated and measured -> No impact to other carriers.

This information could thus be signalled either as a UE capability or, for example, as a part of the RRC Connection Setup Complete message.

Alternatively the node B can in most cases derive this information by making reasonable assumptions about UE archiecture, noting that in the worst case if the assumption is wrong the only impact is a lost packet, or a missed opportunity for scheduling. In our view, this is still a far preferable situation compared with the packet scheduler having no knowledge of when glicthes may occur, especially if the packet loss rate is moderately high (eg 5%). Some examples of the way in which the packet scheduler could make reasonable assumptions include
· Deactivated measurements on one band do not affect reception on another band

· Deactivated measurements of carriers in a contiguous block of a band affect reception of other carriers in the same contigous block o unless the deactivated UARFCN lies between active UARFCNs

· Deactivated measurements of carriers on a non contigous block of a band do not affect reception of anotehr block on the same band

· Measurements of active configured carriers never affect reception of another carrier

Essentially this corresponds to assuming that a UE uses the same RF chain for receiving adjacent carriers and a differnet RF chain for non adjacent carriers. However, we would like to emphasise that these assumptions do not need to be specified by RAN4, and even if the node B assumption does not match the actual UE implementation the situation will not be worse than if the UE made autonomous gaps. Indeed, we would like to emphasise that even if the packet scheduler does not make any assumptions the situation is still better than if the UE made autonomous gaps, since at least the measurement rate will be configured by the RNC to only what is appropriate for the deployment scenario.
Observation 1 : Reuse of compressed mode patterns also allows the node B packet scheduler to avoid scheduling a UE in proximity to potential gaps

Proposal 3A : To improve the packet scheduler’s knoweledge of gap scenarios, explicit signalling could be added to UE capability or RRC Connection Setup Complete/Handover Complete/Physical Channel Reconfiguration complete etc to inform the node B of the mapping between deactivaed carriers which are being measured and the carriers they affect

Proposal 3B : Alternatively the packet scheduler can make some reasonable assumptions, and the performance will not be worse than if the UE was making autonomous gaps without prior knowledge in the packet scheduler.
Considering the packet loss rate, our assumption is that both HS-SCCH and HS-PDSCH reception is impacted before and after the measurement sample. Assuming the glitch (including any impact to baseband) to be shorter than 2ms, this means that up to 4 HARQ transmissions could be lost per measurement sample. Assuming 5 samples are needed per measurement period, and all cells (up to 6) can be measured at the same time, the packet loss rates in table 2 can be derived. Further activity may be needed for cell search or if UE implementation is restricted in the number of cells that are measured in parallel. Since this is implementation dependent, it is necessary to account for other company views before finalising the requirements. However, table 2 gives some indication of the packet loss which may be expected in cases where retuning is beneficial. 

	Measurement Period
	Packet Loss

	480
	4.17%

	960
	2.08%

	1920
	1.04%

	3840
	0.52%

	7680
	0.26%

	15360
	0.13%


Generic versus separate requirements

We do not have a very strong view on this issue. Necessarily the measurement rate when a carrier is deactivated is from UE persective a compromise beween on the one hand minimising measurement delay and on the other hand minimising side effects of  measuring deactivated carriers such as increased power consumption, glitches and RF noise. When the secondary carrier becomes active most of these considerations disappear and essentially from a UE point of view the limitation on measurement performance comes from only processing and complexity considerations. This means that typically we expect that better peformance could be specified for measurements of active carriers. On the other hand, as discussed in RAN4#65, the RNC is unaware of the activation state of the node B, so it cannot perform specifically different processing of UE measurement reports depending on activation state. Therefore, for reasons of simplicity it may be acceptable to define generic requirements (based on signalled CM parameters) for both active and inactive states, unless a use case for separate requirements is identified in RAN4#66.
Proposal 4 : For reasons of simplicity it may be acceptable to define generic requirements (based on signalled CM parameters) for both active and inactive states, unless a use case for separate requirements is identified in RAN4#66.

3. Conclusions

This contribution provides input and analysis based on the way forward on inter frequency search requirements for configured frequencies without compressed mode [1]. System simulation results are provided, and in summary the impact of different measurement periods depends on deployment and usage by the RNC of the measurement reports. Noting that increased measurement activity has drawbacks as well as benefits, especially for deactivated carriers, we consider that similarly to LTE some configuration of the measurement activity would be highly beneficial to allow it to be matched to network needs. Specifically, we make the following proposals
Proposal 1 : At least for measurements of configured but deactivated secondary carriers, legacy compressed mode parameters define the measurement activity. The main difference from the legacy operation is that gaps do not in principle affect the serving cell(s) reception or transmission(although there may still be some retuning interruptions before and after the measurement is made).

Proposal 2 : When CM parameters are used to configure the measurement activity, existing CM inter-frequency RRM requirements specify the core measurement performance.
Further we evaluated the impact of retuning interruptions on packet loss. Based on certain assumptions, the following packet loss rates were derived

	Measurement Period
	Packet Loss

	480
	4.17%

	960
	2.08%

	1920
	1.04%

	3840
	0.52%

	7680
	0.26%

	15360
	0.13%


Table 2 : Possible packet loss rates versus measurement period
However, we note that a further benefit of reusing compressed mode parameterisation to control the activity of the new measurements would be that the node B has an awareness of when the UE is potentially going to have a glitch and thus it would have the option of avoiding scheduling the UE at times when there may be data loss due to glitch. This leads to the following observation and proposals:
Observation 1 : Reuse of compressed mode patterns also allows the node B packet scheduler to avoid scheduling a UE in proximity to potential gaps

Proposal 3A : To improve the packet scheduler’s knoweledge of gap scenarios, explicit signalling could be added to UE capability or RRC Connection Setup Complete/Handover Complete/Physical Channel Reconfiguration complete etc to inform the node B of the mapping between deactivaed carriers which are being measured and the carriers they affect

Proposal 3B : Alternatively the packet scheduler can make some reasonable assumptions, and the performance will not be worse than if the UE was making autonomous gaps without prior knowledge in the packet scheduler.
Finally, we consider whether generic or activation state dependent performance requirements are appropriate. Based on the analysis we make the following proposal:
Proposal 4 : For reasons of simplicity it may be acceptable to define generic requirements (based on signalled CM parameters) for both active and inactive states, unless a use case for separate requirements is identified in RAN4#66.
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Delay requirements


Investigate acceptable cell search delay and CPICH measurement period for inter-frequency mobility from system perspective


Investigation can be based on e.g. 


typical CM patterns used for inter-frequency measurements in legacy network


System simulation


Other analysis about acceptable cell search and CPICH measurement period is not excluded


Generic versus separate requirements


Decision to specify generic or separate cell search delay/measurement period for activated and deactivated carriers is based on:


System requirement on delay for inter-frequency mobility for activated and deactivated carriers


Maximum acceptable packet loss rate to active cells caused by deactivated frequency measurements from system point of view.


Complexity in the network of using generic or separate requirements.


Complexity in the UE of meeting generic or separate requirements.


Maximum allowed packet loss rate on deactivated carrier due to RF tuning is defined based on:


HSDPA packet loss rate (i.e. 2 ms TTI)


Measurement period which will be agreed as an outcome of the study


Timeline:


Interested companies are requested to investigate the above issues and provide their feedback in RAN4#66.
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