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1. Introduction

LS which includes questions on the UE measurement related to the different bandwidth capabilities of UEs and cells is sent from RAN2 to RAN1 and RAN4 [1]. This paper discusses some related issues and suggests a draft answer to the questions in the LS.
2. General discussions
● Location of 10 MHz capable UEs within a frequency band of 20 MHz cell
It should be a general approach an idle state 10 MHz UE residing on a center band (UE c location in Fig 1) of a 20 MHz cell transmission band to detect the neighbour cell’s SCH and BCH without frequency tuning. Anyhow, idle state 10 MHz UEs may have to reside on UE a location or UE b location in Fig 1 also for MBMS reception depending on the design of MBMS transmission.

It will be desirable to put active state 10 MHz UEs on either UE a or UE b location to make cell load balancing within 20 MHz band easier. It may be also considered putting cell edge UEs on center band (UE c location) for the purpose of neighbour cell measurements. Anyhow, other impacts should be also considered together carefully, for example, it may be difficult to design shared control channel structure which support UE c location as well as UE a/UE b location maintaining inter-cell interference coordination at the same time.

There doesn’t seem to be benefits to define other locations than UE a/UE b/UE c locations, therefore, 3 locations will be enough to simplify the shared control channel design and inter-cell interference coordination.
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Fig 1    10 MHz capable UEs in a 20 MHz transmission cell

● Measurement on a neighbour cell with simultaneous reception from the current cell
Depending on the UE receiver design, it is possible for a UE to receive a neighbour cell’s SCH and BCH without interruption of reception from current cell as long as those channels are within the UE’s reception band. When the center frequencies of the current cell and the neighbour cell are identical but the reception timings are not synchronized, a UE should be able to perform FFT operation twice to receive the signals from current cell and SCH/BCH of the neighbour cell simultaneously. In addition, if the center frequencies of the two cells are different, a UE should be able to adjust the different frequency offsets of the two cells by baseband operation. Basically, we don’t expect so much a burden for UE receiver complexity for those operations, therefore UE capability of simultaneous reception could be mandated. Anyhow, if there are concerns on UE receiver complexity, UEs may have to be categorized depending on their capability of simultaneous reception.
● Necessity of measurement gaps
Even though a UE has a capability of simultaneous reception of neighbour cell’s SCH/BCH which are within the UE’s reception bandwidth, a Node B may not know if a neighbour cell’s SCH/BCH is within a UE’s reception bandwidth or not. For example, when a 20 MHz capable UE is operating in a 10 MHz cell, Node B cannot know the current reception center frequency of that UE unless we mandate the location of 20 MHz capable UE’s reception center frequency in the standards, which is illustrated in Fig 2. In Fig 2, UE a may be able to receive SCH/BCH of cell D and cell E without frequency tuning, but UE b cannot receive SCH/BCH of cell D and UE c cannot receive SCH/BCH of cell D and cell E without frequency tuning. Therefore, cell C cannot determine whether a UE needs measurement gaps for the measurement on cell D and cell E or not. Based on this aspect, there can be two possible options as follows.
Option (a)   Defining measurement on the neighbour cells whose SCH/BCH transmission is fully included in the UE’s ‘actual’ reception band for the current cell as an intra-frequency measurement so that no measurement gap is generated. Otherwise, measurement gap is always generated.
Option (b)  Making the location of reception center frequency of a UE clear in the standards for all the combinations of UE reception bandwidths and cell transmission bandwidths (there could be several ways). The necessity of measurement gap is determined based on the UE reception capability and the UE reception band. 

Currently, we are keeping both options in mind since we need further clarification on how long and frequent the measurement gap should be and how frequent the occasions of handover between cells with different center frequencies will be.
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Fig 2    20 MHz capable UEs in 10 MHz transmission cells

● Measurement on different 10 MHz bands within a 20 MHz band of a same cell
There is a question in the LS [1] on the necessity of 10 MHz capable UE measuring another 10 MHz band within a 20 MHz cell for re-assigning UE operating band within the 20 MHz band. In our view, moving UE operating band in a same cell is a different operation from the usual handover process.  In a handover process, a UE is determined to be moved to another cell based on the long term path-loss measurement. However, long term path-losses of two 10 MHz bands over a 20 MHz cell bandwidth will be same in most cases, so, UE operating band change based on UE measurement within a same cell should be in a relatively dynamic way to follow up the fast channel variation to achieve some gain. So, we think further evaluation is necessary to introduce such feature at this stage.  
3. Conclusions
Based on the discussions above, we suggest a draft answer to the LS in R1-061101 as attached to the end of this paper.
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1. Cell A is a 20 MHz cell. Is it possible for a UE with a 10 MHz reception capability to be placed by the network anywhere within the 20 MHz cell transmission, or will there be a limited number of possible locations within the 20MHz cell transmission (for example, limited to the 3 locations shown in the diagram as UE1, UE2, UE3)? 
(Ans)  3 positions are possible. Idle UEs are likely to be in UE3 location to read BCH of the current cell and to search for SCH from other cells. However, it may be possible that idle UEs can be in UE1or UE2 location to receive MBMS. Active UEs are likely to be in UE1 and UE2 locations for easier load balancing over 20 MHz cell bandwidth. It is FFS if cell edge UEs should be put in the center band (UE3 location) for the purpose of neighbor cell measurements. Existence of active UEs in UE3 location may make design of downlink shared control channel difficult.
2. UE1 is a 10 MHz capable UE operating on a 20 MHz cell A. Is it necessary for this UE to perform measurements on cell A outside of the UEs reception bandwidth, for example to assist the network's decision where to place the UE within the 20 MHz cell transmission? 
(Ans)  At this stage, gain of re-locating the UE based on the UE measurement needs to be evaluated further. It should be noted that moving UE location in frequency domain within a same cell should be in somewhat a dynamic way to achieve some gain since long term path-losses over two 10 MHz bands within 20 MHz cell bandwidth is not likely to be different.

3. UE4 is a 20 MHz capable UE operating on a 20 MHz cell A.

a. RAN2 assumes that it is possible to perform radio measurements on cell B without needing to interrupt reception on cell A. Is this assumption correct?
(Ans)  In principle, we expect no problem in receiving neighbour cell’s SCH which is within the UE’s reception bandwidth (UE capability of the simultaneous reception may be mandated or categorized).
b. Is it possible for this UE to receive broadcast system information from cell B without the need to interrupt reception on cell A?
(Ans) In principle, we expect no problem in receiving neighbour cell’s BCH which is within the UE’s reception bandwidth (UE capability of the simultaneous reception may be mandated or categorized).
c. Is it possible for this UE to perform radio measurements on cell C without needing to interrupt active reception in cell A?
(Ans)   The same answer with the case of question 3-a.
d. Is it possible for this UE to receive broadcast system information from cell C without needing to interrupt reception in cell A?
(Ans) The same answer with the case of question 3-b.
e. Is it possible for this UE to perform radio measurements on cell E without needing to interrupt active reception in cell A?
(Ans) The same answer with the case of question 3-a.
f. Is it possible for this UE to receive broadcast system information from cell E without needing to interrupt reception in cell A?
(Ans) The same answer with the case of question 3-b.
4. UE5 is a 20 MHz capable UE operating on a 10 MHz cell C.

a. Is it possible for this UE to perform radio measurements on cell B without needing to interrupt reception on cell C?
(Ans)  If the SCH is within the UE’s 20 MHz reception bandwidth, it is possible (UE capability of the simultaneous reception may be mandated or categorized). Anyhow, it cannot be guaranteed that UE5’s remaining reception band covers the upper 10 MHz band as drawn in the figure since the UE’s 20 MHz reception band may locate anywhere as long as it includes cell C’s 10 MHz transmission band unless the UE reception behaviour is specified. 
b. Is it possible for this UE to receive broadcast system information from cell B without needing to interrupt reception on cell C?
(Ans) The same answer with the case of question 4-a.
c. Is it possible for this UE to perform radio measurements on cell D without the need to interrupt reception on cell C?
(Ans) The same answer with the case of question 4-a.
d. Is it possible for this UE to receive broadcast system information from cell D without the need to interrupt reception on cell C?
(Ans) The same answer with the case of question 4-a.
5. Do the answers to any of the questions above depend on whether the current serving cell and the neighbouring cell are time synchronised.
(Ans)  No, UEs with a capability of simultaneous reception will be able to receive signals from two non-synchronized cells simultaneously.
6. Do the answers to any of the questions above depend on whether the distance between centre frequency of the serving cell and the neighbouring cell are spaced by an integer multiple of 15kHz?
(Ans)  No. UEs with a capability of simultaneous reception will be able to receive signals from two cells with different frequency offsets simultaneously.
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