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1 Introduction
This paper provides some background information related to L1 UE measurement to support intra E-UTRA mobility which has been subject for discussion in RAN1 and RAN2 recently. The aim is to facilitate further discussion in RAN4 when treating the LS from RAN2 on the same issue in [R2-061101]  
The structure of paper is follow

· Section 2: summarize L1 & L2 design aspects that are most relevant to discussion on L1 measurement for mobility

· Section 3: provide basic requirements on measurement for mobility  

· Section 4: show common view on how L1 & L2 design in Section 2 could meet the requirement in Section 3.

· Section 5: initiate discussion on scenario that has not been considered so far, and relevant to the issues in RAN2 LS [R2-061101].   

2 Summary of key L1/L2 design
In general, DL OFDM signal from an LTE base station (BTS) can be seen as multi carries signal with N usable orthogonal sub-carries as shown in Figure 1 below.
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Figure 1: DL OFDM signal from a LTE base station (BTS)

According to current numerology in [TR 25.814], when transmission bandwidth is 20/10/…/1.25 MHz, N is 1201/601/…/76 and effective transmission bandwidth is 18/9/…/1.125 MHz i.e. about 90% of the transmission bandwidth. The value N has been more or less optimized (maximized) while ensuring that system would meet basic ACLR and spectrum mask requirements.        

To facilitate further discussion, following symbolic figure is used to indicate transmission from an LTE BTS.
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Figure 2: Symbolic figure

In order to simplify initial cell search, current RAN1 assumption is that: 
· SCH (synchronization channel) is transmitted within the 76 center sub-carries regardless of the transmission bandwidth and at a predetermined OFDM symbol in predetermined sub-frame in each radio frame so that any UE can perform time and frequency synchronization with any LTE BTS without prior knowledge about the actual BTS transmission bandwidth.
· BCH (cell broad cast channel) is transmitted within 76 centre sub-carriers if the transmission bandwidth is 1.25MHz. When BTS transmission bandwidth is 5MHz or larger, BCH is distributed over 300 centre sub-carriers to take advantage of frequency diversity gain
. BCH is transmitted at a predetermined OFDM symbol in predetermined subframe in each radio frame.  
It is desirable that Centre sub-carrier is on frequency raster of 200kHz as in current WCDMA. Raster of multiple integers of 15kHz may also need to be considered.
The initial cell search generally include following steps [R1-060311]:

· STEP 1: Obtain time synchronization (OFDM symbol timing and sub-frame timing) using time domain signal of primary SCH. Rough frequency synch is also achieved
· STEP 2: Obtain other information such as transmission bandwidth, scrambling code group, MIMO configuration etc. using frequency domain signal of secondary SCH
· STEP 3: Obtain cell-specific scrambling code using common pilot channel. 
· STEP 4: Read BCH
Latest working assumption is that UE with minimum capability has maximum reception bandwidth of 10MHz. To be more explicit, from RAN1 point of view, this UE will be able to receive and process baseband data transmitted on up to 601 consecutive OFDM sub-carriers
 from an LTE BTS. Therefore, any LTE UE will be able to receive the whole transmit signal from any LTE BTS using transmission bandwidth not larger than 10MHz. When transmission bandwidth is larger than 10MHz (say 20MHz for example), the BTS has to manage 10MHz UEs so that communication with those UEs can be done over a block of 601 consecutive sub-carriers among the total available 1201 sub-carriers. This point can be illustrated in Figure 3 below
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Figure 3: Camping of 10MHz & 20MHz UE in cell with 20MHz transmission bandwidth

In Figure 3, a new concept of “camp band” is defined to ease further explanation. By camping it means 10MHz UE tunes its RF so that 
· Its reception center sub-carrier falls exactly on one sub-carrier transmitted from BTS (f-300, f0 f+300 if UE is in camp band 1, 2, 3 respectively) AND

· It may receive up to 601 sub-carriers (f-600 to  f0 , f-300 to  f+300 , f0 to  f+600 if UE is in camp band 1, 2, 3 respectively)  

Camp bands 1 and 3 are needed to ensure efficient and uniform resource allocation for 10MHz UE within 18MHz effective transmission bandwidth. The essential need for Camp band 2 will be explained in Section 4.    
Below is latest RAN2 assumption on E-UTRAN RRC protocol states
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Figure 4: E-UTRAN RRC protocol states
3 Basic requirements on UE measurement to support mobility within E-UTRA
Cell Selection: 
· UE autonomously perform procedure when in RRC_NULL State (see Figure 4). 
· UE L1 would normally need to perform RF band scan (if necessary) and on a particular Rx frequency perform 
· Full cell search (time & frequency synch, bandwidth and cell ID identification etc., BCH reading to see if the cell is barred and other system info)

· Measure CPICH strength, CPICH SNR, etc.

· UE then can identify a “suitable cell” for camping.
Cell Reselection: 
· UE autonomously perform procedure when in RRC_IDLE State (see Figure 4). 

· UE already camped on a cell from which UE can receive information list about neighbour cells (sent on BCH from camped cell) that could be used for reselection.

· For each neighbour cell, UE L1 would normally need to perform 

· Part of cell search (time synch, cell ID identification etc, BCH reading to see if the cell is barred and other system info). Note that UE RF is locked to frequency of the camped cell

· Measure CPICH strength, CPICH SNR, etc.

· UE may reselect to camp on a new cell.
Handover: 
· UE handover is controlled by the network based on measurements reported from UE when the UE is in RRC_CONNECTED state (see Figure 4). 

· UE is connected to a serving cell from which UE can receive information list about neighbour cells (sent on DL shared channel) that could be use for handover.

· For each neighbour cell, UE L1 would normally need to perform 

· Part of the cell search procedure (time synch, cell ID identification). Note that UE RF is locked to frequency of the camped cell. UE does not need to read BCH of neighbour cell
· Measure CPICH strength, CPICH SNR, etc. and report to network
· UE switch to new serving cell upon network instruction.
4 Simple procedure for UE measurement in E-UTRA
We use Figure 3 to explain the procedure i.e. the discussion is about 10MHz UE in the system with 20MHz transmission bandwidth. Similar discussion applied in case of 15MHz transmission bandwidth.  

Cell Selection: 
After UE has found a suitable cell for camping, the UE will autonomously camp on the Camp band 2 where UE can perform registration to the network (this requires UE to be moved to RRC_CONNECTED state for a short time). After that UE may move to RRC_IDLE State and regularly performs cell reselection while camping on Camp band 2.

Cell Reselection: 
When camping on Camp band 2 of the current suitable camp cell, UE will be able to perform measurements on neighbour cells for cell reselection (provided that neighbour cells have the same centre sub-carrier as current cell) and monitor paging
 without needing to retune its RF. 
Since UE in RRC_IDLE State requires very little DL/UL resource (paging/RACH), there is no reason for the UE to camp on Camp band 1 or 3. 
MBMS is expected to be delivered on the bandwidth which is equal to the effective reception bandwidth of minimum UE capability. In this case, it would be natural to transmit MBMS on Camp band 2 so that all UE in RRC_IDLE state and interested in MBMS can receive MBMS control and data without retuning its RF.    
UE transits to RRC_CONNECTED State when active data communication is needed. In RRC_CONNECTED State, system may order UE to move to Camp band 1 or 3 to balance the resource allocation.    

Handover: 
UE is in RRC_CONNECTED State. 
If UE camps on Camp band 2, neighbour cell measurement can be performed in the similar way as for cell reselection described above. 
If UE camps on Camp band 1 or 3, then UE may use half number of sub-carrier of SCH for neighbour cell timing measurement. 
Depending on different factors (such as interference coordination, UE position, etc.), interference seen by the UE could be significant different for the sub-carriers on different part of the overall transmission bandwidth. If the system put a UE in either camp band 1 or 3 on a semi-permanent basis, the UE will not be able to report the interference condition on the other camp band and thus network may not be able to make optimal decision on camping band for the UE.     
5 Special scenario
From email discussion on RAN2 reflector, a special scenario may arise when there is mixture of 10MHz and 20MHz capable BTS in an operator network. It was speculated that in the early deployment phase, only 10MHz capable network equipment is available for use (due to limited spectrum availability and/or cost issue). In the later deployment phase, 20MHz spectrum and 20MHz network equipment may become available. The mixture can be illustrated in Figure below.
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Let’s focus on UEs camping/receiving from Cell #3. It is assumed that distance between center sub-carrier of all cells is integer multiple of 15kHz. 

For 10MHz UE3_1, it seems clear that 
· If the UE is in RRC_IDLE state, the UE need to retune RF to perform neighbor cell measurement on all other cells

· If the UE is in RRC_CONNECTED state, the UE need idle period to perform neighbor cell measurement on all other cells    

For 20MHz UEs, there are number of possibilities. 
· For example UE3_2 and UE3_3 open its RF as if it were to receive signal from a 20MHz cell. In this case UE3_3 may perform neighbor cell measurement on all other cells without any interruption. Similarly UE3_2 may perform neighbor cell measurement on Cell #1 & #2 without any interruption. However, the associated complexity of the system design and the cost of UE complexity to enable such a measurement should be carefully considered.  
· A simpler strategy could be that 20MHz UE in a 10MHz cell only opens its RF to receive 10MHz baseband signal (UE3_4) and behave as if it were 10MHz UE.   

6 Conclusion
We have discussed some issues relevant to UE measurement and reception capabilities for LTE. The answers to the questions raised in RAN2 LS [R2-061101] regarding the UE measurement and reception capabilities are in principle achievable, however, the associated system and UE complexity should be carefully considered. 
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� [R1-060033] shows that distributing BCH over wider bandwidth does not bring significant gain 


� Other Rx aspects such as adjacent channel selectivity, blocking characteristics should be discussed in RAN4.


� It is assumed that paging for 10MHz UE is transmitted in the centre Camp band 2. For 20MHz UE, paging could be sent on any part of the effective transmission bandwidth   
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