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1. Introduction

In last meeting, minimum UE capability of transmit/receive bandwidth is agreed on as 10 MHz. Therefore, downlink transmission over 20 MHz should be designed to support both 10 MHz and 20 MHz reception capable UEs. This may imply some special transmission format which is not usual for the system with the same bandwidth for transmission and reception. In this paper, we discuss the possible options to support 10 MHz reception capable UEs in 20 MHz cell transmission bandwidths.
2. Downlink transmission options for 20 MHz bandwidth
Following the discussion in last meeting [1], we consider two alternatives for 20 MHz cell transmission as follows.

(Alt.1) Both 10 MHz and 20 MHz capable UEs do initial access on the center band of 20 MHz cell transmission bandwidth. After initial access, 10 MHz capable UE is moved to an appropriate band. This approach is illustrated in Fig. 1 (a).
(Alt.2) 20 MHz cell transmission band is separated by two 10 MHz bands with a same structure. Both 10 MHz and 20 MHz capable UEs do initial access on either of the two bands. 20 MHz capable UE extends its reception band to entire 20 MHz band after initial access. This approach is illustrated in Fig. 1 (b).
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(a)  Alternative 1
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Fig. 1 Two alternatives of 20 MHz cell transmission

We discuss more details on each option in the following sections.

2.1 (Alt.1) – One whole 20 MHz band approach
Neighbour cell search for handover
In this alternative, an active-state UE with 10 MHz band capability is listening to either of the two 10 MHz bands (we assume an idle-state UE will be listening to the center band of 20 MHz cell transmission band). In this case, the 10 MHz UE cannot fully receive the SCH of neighbour cell even when all the neighbour cells are transmitting by the same 20 MHz band.
To measure the SCH of neighbour cells, there could be two options as follows.

Option (a). 10 MHz UE tunes its receiver frequency band to the center band periodically to listen to the neighbour cell’s SCH transmission. 
- This option is very simple in the specification point of view.

- Anyhow, it is questionable that frequent frequency tuning is simple in UE receiver implementation. It should be noted that in WCDMA, frequency tuning occurs only for hard handover or different RAT detection.
Option (b). Expanding SCH over frequency domain so that 10 MHz UEs can receive enough SCH energy without periodical receiver frequency tuning.
 - This option allows detection of neighbour cell SCH without UE receiver frequency tuning.

 - Anyhow, received SCH signal will be distorted due to the band-pass filter at UE receiver as shown in Fig. 2 Example (1). This may make it difficult for UE to detect correct SCH timing or sequence (if multiple sequences are used for SCH). Instead, SCH may not be transmitted over the roll-off region of UE band-pass filter as shown in Fig 2 Example (2). It may be also possible to distribute the SCH over frequency band as shown in Fig. 2 Example (3) to kept the same average SCH reception energy for 10 MHz UEs on any bands over 20 MHz cell transmission band. Anyhow, the frequency resource may be too small to allocate guard band within SCH in 1.25 MHz transmission cell.
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Fig. 2  SCH mapping in case of 20 MHz transmissions cell

Currently, option (b), that is, expanding SCH in frequency domain looks preferable since we think frequent receiver frequency tuning at UE side is not desirable for UE implementation. In addition, it’s still FFS if an active UE should detect (a part of) neighbour cell’s BCH also.

DC components at UE receiver side

For 20 MHz cell transmission, there can be three center frequencies at a 10 MHz capable UE’s receiver side as already shown in Fig. 1 (a). Since it is usually beneficial to not signal through center frequency at a receiver side to avoid the DC bias in base band signal, it will be better transmitting nothing on those subcarriers corresponding to the three possible center frequencies, or else, transmitting nothing to 10 MHz capable UEs on those subcarriers at least. Therefore, it will be necessary to refine the downlink physical resource block definition following this aspect.
2.2 (Alt 2) – Two separate 10 MHz bands approach
Neighbour cell search for handover

In this alternative, SCH and BCH are transmitted on both 10 MHz bands over 20 MHz cell transmission band. Therefore, a 10 MHz capable UE can listen to the neighbour cell’s SCH or BCH without receiver frequency tuning if the neighbour cells are transmitting through the same 20 MHz band. 
Downlink resource utilization
Repeating SCH and BCH over both 10 MHz bands increases the required downlink resource for SCH and BCH. Moreover, available downlink resources are reduced by guard band to keep the 2x multi-carrier structure as already shown in Fig. 1 (b). The loss of downlink bandwidth will be about 500 kHz ~ 1 MHz if we follow the current DL numerologies in TR25.814 [2].
Frequency raster issue

In this alternative, 20 MHz capable UE should be able to receive downlink transmission via both 10 MHz bands. However, it will be beneficial a 20 MHz capable UE being able to demodulate both 10 MHz bands by one RF and FFT operation. To meet this requirement, the center frequencies of two 10 MHz bands over 20 MHz cell transmission bandwidth should be separated by multiples of both frequency raster and subcarrier spacing. This restriction much narrows down the possible choices of the center frequency separation of the two 10 MHz bands, that is, 10.2 MHz or 9.6 MHz in case of 200 kHz frequency raster and 15 kHz subcarrier spacing, which is illustrated in Fig. 3. Downlink physical resource block definitions may have to be redefined to maximize the downlink resource utilization under this restriction. 
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Fig. 3  Allocation of 10 MHz partial bands in 20 MHz cell transmission band 
3. Conclusions

In this paper, we discussed two alternative downlink transmission schemes to support 10 MHz reception capable UEs in 20 MHz cell transmission bandwidth, that is, (Alt 1) one whole 20 MHz band approach and (Alt 2) two separate 10 MHz band approach. 
Currently, we prefer (Alt 1) to (Alt 2) mainly for the more efficient downlink resource utilization. In case of (Alt 1), we suggest the followings.

- Downlink SCH should be designed to allow a 10 MHz capable UE to detect neighbour cell’s SCH without receiver frequency tuning.
- Downlink physical resource block definition should be refined to transmit nothing to 10 MHz capable UEs on the possible DC subcarriers for those UEs.

On the other hand, regarding (Alt 2), the followings should be considered.

- How much will be the actual loss in downlink resource utilization due to this alternative?

- Is the current downlink numerology suitable for 20 MHz cell transmission with this alternative (especially considering the restriction on the relationship between frequency raster and subcarrier spacing)?

It is proposed agreeable parts of the above are captured in TR25.814 [2].
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