
3GPP TSG-RAN WG1 #54 













R1-082846
Jeju, Korea, Aug 18th-Aug 22nd, 2008

Agenda Item:
12
Source: 

ZTE

Title:


Spectrum efficiency for wider bandwidth
Document for:
Discussion & Decision
1 Introduction
LTE-Advanced introduced higher requirement of spectrum efficiency and peak rate. Under this requirement, RN1 agreed to study supporting wider bandwidth in RAN1#53bis meeting. There are two types of solutions for this. One is extending the numerology design from LTE bandwidths to bandwidths wider than 20 MHz. Another is simply aggregating the existing bandwidths into wider bandwidths. 
In this contribution, we focus on building wider bandwidths by existing bandwidths from LTE. The contribution discusses the efficient multiple bandwidth operation. Multiple bandwidths, continuous or discontinuous, are aggregated together in coordinated ways. To act as the next generation wireless network, it will consider supporting to up to 100MHz.
2 Element bandwidths
LTE-A require backward compatibility to LTE. As described in [1], backward compatibility of Advanced E-UTRA and Advanced E-UTRAN with Release 8 E-UTRA and E-UTRAN should be guaranteed. That is, each LTE UE can access LTE-A system and LTE-A UE can connect into LTE system. Element bandwidths are defined as elements to be aggregated. To solve the compatibility issue, Element bandwidths must support same numerology as LTE. The sets of sub-carrier spacing, occupied sub-carrier, effective RBs, FFT size from LTE should be use to construct the element bandwidths. Several element bandwidths compose an LTE-A bandwidth. Number of Element bandwidths should be up to around 5. Only one element bandwidths is visible to LTE UE. For a normal LTE UE, it just searches one SCH from an element bandwidth and access the element bandwidth by a typical LTE RACH procedure. Once the LTE-A accept the LTE UE with responding message, it will camp into the element bandwidth. For a LTE-A UE, the entire virtual bandwidth could be visible.
Figure 1: Element Bandwidths to LTE Band widths
3 Aggregation of discontinous element bandwidths
Discontinuous element bandwidths are aggregated independently. Except the commonality motioned above, the discontinuous element bandwidths also use the same guard band and same spectrum mask defined for LTE. There is no guard band saving, compared with LTE. The guard sub-carrier can not be used even the adjacent bandwidth be allocate for LTE system, since the allocation bandwidth is not integer multiple of 15KHz.
The only benefit is it increase cell capacity and user throughput. It is quite simple way of aggregation. However, UE and NodeB complexity will be high.
4 Aggregation of continous element bandwidths
LTE signal bandwidths are from 18.015MHz to 1.095MHz, corresponding 20MHz to 1.4MHz nominal bandwidths. For continuous large bandwidths, there are three options to aggregate elements bandwidths:
Option 1: Aggregation with normal guard band
Figure 2 shows the principle of option1. The guard band conform the definitions for LTE. All element bandwidths naturally follow 100 KHz raster of LTE. The scheme achieves spectrum efficiency as LTE. Sampling frequencies are not aligned between adjacent bandwidths. Thus the guard subcarrier will not be re-used and spectrum efficiency does not increase even in case large continuous spectrum is owned by one operator. This scheme will not introduce new nominal bandwidths for LTE-A and will simplify the design. However, it requires individual RF/filter set for each element. In this sense, it works like split a continuous bandwidth. The complexity is similar as discontinuous bandwidths.

Figure 2: Illustration of Multi-Carrier Deployment with normal Guard Bands
Option 2: Compact aggregation with minimal guard subcarrier

As long as all the central frequencies of element bandwidths are within 15 KHz grid, only the outmost guard bands need to be maintained. To fulfill 100 KHz raster, 19 subcarriers are reserved between two adjacent element bandwidths as shown in [4] and illustrated in figure 3. For 60 MHz case as an example, both sides will left 5.385 MHz unused guard band, if we fit in 3-20MHz element bandwidths. It is unnecessary to waste all the 5.385 MHz, which is close to 10% of spectrum. A smaller element bandwidth can reuse it. 
This option introduces issues to resolve:
1. We should decide the sizes of element bandwidths. It is suggested considering all the bandwidths in LTE to ensure the spectrum efficiency.

2. The number of extended bandwidths by aggregation needs to be agreed. It suggests considering at least 40MHz and 60MHz for downlink and 40MHz for uplink. Higher bandwidths may be not feasible for complexity reason.
Figure 3: Illustration of compact aggregation with minimal guard subcarrier
Option 3: Compact aggregation without guard between element bandwidths
By removing all guard subcarrier between adjacent element bandwidths, best efficiency can be reached. However, the method will face trouble of maintaining 100 KHz raster. Two alternatives can solve this problem: One is redefining the raster. This will reduce the backward compatibility to LTE. Only one element bandwidth can be accessible for LTE. Another is puncturing 1 subcarrier for each element. This will increase test cases by introducing punctured RB.
5 UE access in wider bandwith 

Compact aggregation of bandwidths should be well studied to have a good base to enhance the LTE-A performance. Figure 4 shows the access scheme of. Note the UE can even access the adjacent sub carries belong to different elements bandwidths with 1 FFT.
Figure 4: Illustration of Extended Bandwidths Deployment with compact Guard Bands

6 Proposals for supporting wider bandwidths 
This contribution focuses on building wider bandwidths by existing bandwidths from LTE. As the result of observation, the following are proposed:
1. RAN1 decide the sizes of element bandwidths. We suggest using all LTE bandwidths.

2. Raster should be kept as 100 KHz to ensure backward compatibility to LTE.

3. Option 2 of aggregation for continuous bandwidths should be considered with high priority for better trade-off for spectrum efficiency and backward compatibility.

a) The number of extended bandwidths by compact aggregation needs to be agreed. It suggests considering at least 40MHz and 60MHz for downlink and 40MHz for uplink.
4. Other schemes of LTE-A are independent to discontinuous bandwidths and continuous bandwidths aggregation. 
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