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Introduction

At last RAN WG1 ad hoc meeting on LTE, it was decided to let each proponent of L1 schemes show during the study item how their proposals fulfil the L1 related requirements from TR 25.913. Regarding the support of intra and inter-system mobility, each proponent of L1 scheme is then supposed to describe how the UE perform measurements.  For the time being the corresponding section is only filled for OFDMA DL eg: § 7.1.3.1 : " Measurements periods to support inter-frequency and inter-RAT handover should be created by the scheduler, i.e. compressed mode is not assumed to be needed." However this section is not written yet for the others access schemes and even for DL OFDMA the complexity linked to the performance of these measurements is not addressed.  Thus this contribution discusses the main layer 1 issues linked to the support of mobility within E-UTRAN and to/from other RATs (UTRAN, GERAN) and proposed solutions that could be considered by each access technologies and add into RAN1 TR 25.814.

The need to consider mobility from L1 perspective within the scope of this study item is at first clarified. Then the different issues linked to the support of L1 measurements are discussed. Eventually a text to be added into TR 25.814 is proposed to make sure that these issues are addressed for each proposed access scheme. This will help everybody understand how the measures are performed and the impact of these measurements on UE complexity. 
Needs for mobility

To make sure that a seamless coverage will be provided thanks to the standardised 3GPP mobile access networks (GERAN, UTRAN, E-UTRAN) no matter the operator deployment strategy it is essential that mobility is guaranteed within E-UTRAN and also between E-UTRAN and the other RATs. Efficient seamless mobility (low mobility failure) can be achieved if the UE switched to the best cell as often as possible. This helps make the most of the UE and system performance by limiting the emission of unnecessary interference. For that matter, measurements on target system are very helpful to select the most appropriate targeted cell.
Moreover without any measurements only blind handovers are possible which means that the UE will switch right away to the new system, without checking whether it is available or not. Blind handover as the sole solution is not desirable from an operator perspective since:

· blind handover requires strong deployment assumptions 

· failure rate is quite high when cells are not co-located. 

· mobility failure is quite high since the coverage condition of the UE on the targeted cell has not been checked

That is why L1 measurements aspects have to be considered as soon as possible even within this feasibility study to make sure that an efficient mobility between the different systems will be available.

Complexity linked to L1 measurements for mobility support

All the aspects discussed within this section deals with mobility in general no matter the type of mobility (handover, cell selection/re-selection,…).
· Receiver type.

In order to perform measurements on other carriers, the use of several receivers at the UE side may be required. Thus while receiving data from its serving E-UTRAN base-station, the UE will then be able to listen to other carriers. However such receiver may face implementation cost/complexity depending on the frequency gap between the serving carrier and the targeted one. The need for one or several receiver must then be clarified.
· Time  slots for inter-frequency and inter-system measurements.

When one single receiver is assumed, in order to avoid the use of compressed mode that is not efficient in terms of UTRAN power and capacity consumption, other solutions can be proposed to let the UE perform measurements on other RATs or frequencies

Thus measurement periods can be allocated for instance by the scheduler to let the UE perform measurements for mobility purpose instead of receiving data from its E-UTRAN base station. As a result some degradation of the user throughput at the cell edge can be expected. 
Moreover the measurement periods have to be defined according to the measurement to be performed. 
The support of these measurements period may also impact the UL transmission if there is a need to stop them during these periods.
In the case of TDD operation the allocation by the scheduler of these measurement periods can be compared to the use of uplink transmit slot in terms of complexity and efficiency.
· Measurement type.

For both intra and inter-system mobility, the measurements are not defined yet but in order to perform an efficient handover (short delay, low probability of handover failure or ping-pong effect,…) the following kind of measurements may have to be performed by the UE:  

· Coverage measurements performed on E-UTRAN, UTRAN and GERAN.

· Quality measurements performed on E-UTRAN, UTRAN and GERAN

· Timing measurements performed on E-UTRAN, UTRAN and GERAN

Moreover a beacon (pilot channel or bits) that terminals on other systems can listen to and measure to prepare handover to E-UTRAN are also required. For mobility to E-UTRAN handover, some information about E-UTRAN system should be broadcasted to the UEs, like the neighbouring E-UTRAN cells, together with some information necessary to demodulate their signal and to allow the identification.

Eventually the accuracy of all these measurements has also an impact on the handover procedure efficiency.

· Measurement period design.
No matter how the slots for measurements are allocated to the UE, those slots have to be adapted (frequency, time windows, accuracy,…) to the kind of measurements that have to be performed (RxLev and BSIC for GERAN, CPICH_Ec/Io and CPICH_RSCP for UTRAN for instance). This synchronisation requires quite a lot of effort as mentioned in [1] to make it efficient but since GERAN and UTRAN frame structure is already defined, this information can be used as an input to the definition of the E-UTRAN frame structure to ease the mobility measurements requirements. 

· UE complexity issue.

Depending on how the slots for measurements are allocated to the UE, the complexity of the terminal may vary. Thus issues linked to the receiver design, transmit-receive isolation, battery life, memory and processing times and clocks have to be addressed when defining the way to perform the measurements for mobility. This complexity can be quantified compared to UTRAN and/or GERAN one.

Conclusion

This contribution discusses the main issues linked to the support of L1 measurements to perform intra-system and inter-system mobility. All those issues should be addressed in RAN 1 TR to make sure that they are considered while building the E-UTRAN system. Thus it is proposed to include the following text proposal within each L1 concept description and to fill it step by step. The proposed text is here included into section 7.1.3 as an example but is also expected in sections 7.2 and 7.3. Of course if other alternative solutions such as location based ones are preferred they can be also described as well as the pros and cons of such solutions. 

Text proposal

7.1.3
Physical layer measurements
7.1.3.1

UE measurements
The UE should be able to measure and report to the Node B the channel quality of each resource block, see Section 7.x.y, in form of a CQI. In order to allow for efficient trade-off between UL signaling overhead and link-adaptation/scheduling performance taking varying channel-conditions and type of scheduling into account, the time/frequency granularity of the CQI reporting should be adjustable.

Measurements periods to support inter-frequency and inter-RAT handover should be created by the scheduler, i.e. compressed mode is not assumed to be needed.
7.1.3.2 Measurements support for mobility 

[Objective of the section:

The kind of measurements (coverage, quality, timing, cell identification…) required to support mobility towards UTRAN and GERAN should be described. For instance CPICH_RSCP and CPICH_Ec/Io can be used for mobility towards UTRAN and Rxlev and BSIC for GERAN. Moreover the kind of measurements (coverage, quality, timing, cell identification…) required for a UE to support mobility towards and within E-UTRAN should be addressed.

The way(s) in which the terminal may perform its intra-system and inter-system measurement should be described. For instance the support of a dual receiver or the need for specific gap introduced by the scheduler or not (depending on the division duplex mode) should be clarified. The impact on UL emission should also be addressed. 
The way the measurement periods can be matched to the required measurements should be addressed.
The impact of these measurements on the UE complexity should be addressed.]
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