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1 Introduction

The Study Item on scalable UMTS has thus far focused on LCR FDD as a potential solution for utilizing bandwidths of less than 5MHz. Although LCR FDD will be based on a time scaled variant of the current specifications, as is noted in other contributions a considerable amount of new specification work will be required (in particular in RAN2 and RAN4), and spectrum allocated to a new LCR FDD specification will not be accessible to legacy UMTS UEs.
To some extent, 3GPP already offers a solution to utilizing smaller bandwidths of spectrum, in the form of LTE. When making a decision on the feasibility and gain of standardizing a new UMTS variant, this alternative should be considered and the additional benefits of applying LCR FDD over LTE identified.
This paper provides an overview of the LTE solution and some comparisons with an eventual LCR FDD alternative
2 LTE for smaller bandwidths
LTE has been designed with flexibility to support multiple bandwidths. The basic unit that is assigned by the scheduler in LTE is a physical resource block (PRB), that consists of 12 subcarriers and is 180MHz in bandwidth. The channels that are essential for RRM, cell detection and handover are carried within the centre 6 PRBs, regardless of the total bandwidth of the cell. This allows for the UE to carry out bandwidth independent cell search and detection procedures. Thus, the minimum bandwidth in an LTE system is 6 PRBs


[image: image4.png]10msec

1PRB |

L sl

1RE | B rs
[ P-scH
B PBCH

[ L1 control

Imsec




Apart from the bandwidth within which the signal is contained, guard bands are placed before and after the carrier. The relative overhead of the guard bands increases with decreasing bandwidth. For a minimum bandwidth LTE system in which 6 PRBs are allocated, the total bandwidth including guard bands is 1.4MHz.

The RAN1 LTE specifications are bandwidth agnostic, and as such from a RAN1 perspective, any desired bandwidth above 6 PRBs can be applied. In practice, however the available set of LTE bandwidths is constrained by signaling and by RAN4 RF and performance specifications. An overview of the LTE bandwidths is shown in table 1.

	Channel bandwidth BWChannel [MHz]
	1.4
	3 
	5
	10
	15
	20

	Transmission bandwidth configuration NRB
	6
	15 
	25
	50
	75
	100


The RAN4 specifications do not include every bandwidth in every band. An overview of which bandwidths are available in which bands is shown in table 2:

	E‑UTRA Operating Band
	Uplink (UL) operating band
BS receive
UE transmit
	Downlink (DL) operating band
BS transmit 
UE receive
	Duplex Mode

	
	FUL_low   –  FUL_high
	FDL_low   –  FDL_high
	

	1
	1920 MHz 
	–
	1980 MHz 
	2110 MHz  
	–
	2170 MHz
	FDD

	2
	1850 MHz 
	–
	1910  MHz
	1930 MHz 
	–
	1990 MHz
	FDD

	3
	1710 MHz 
	–
	1785 MHz
	1805 MHz 
	–
	1880 MHz
	FDD

	4
	1710 MHz
	–
	1755 MHz 
	2110 MHz 
	–
	2155 MHz
	FDD

	5
	824 MHz
	–
	849 MHz
	869 MHz 
	–
	894MHz
	FDD

	61
	830 MHz
	–
	840  MHz
	875 MHz 
	–
	885 MHz
	FDD

	7
	2500 MHz
	–
	2570 MHz
	2620 MHz 
	–
	2690 MHz
	FDD

	8
	880 MHz
	–
	915 MHz
	925 MHz  
	–
	960 MHz
	FDD

	9
	1749.9 MHz
	–
	1784.9 MHz
	1844.9 MHz  
	–
	1879.9 MHz
	FDD

	10
	1710 MHz
	–
	1770 MHz
	2110 MHz 
	–
	2170 MHz
	FDD

	11
	1427.9 MHz 
	–
	1447.9 MHz
	1475.9 MHz  
	–
	1495.9 MHz
	FDD

	12
	699 MHz
	–
	716 MHz
	729 MHz
	–
	746 MHz
	FDD

	13
	777 MHz
	–
	787 MHz
	746 MHz
	–
	756 MHz
	FDD

	14
	788 MHz
	–
	798 MHz
	758 MHz
	–
	768 MHz
	FDD

	15
	Reserved
	
	
	Reserved
	
	
	FDD

	16
	Reserved
	
	
	Reserved
	
	
	FDD

	17
	704 MHz 
	–
	716 MHz
	734 MHz
	–
	746 MHz
	FDD

	18
	815 MHz 
	–
	830 MHz
	860 MHz
	–
	875 MHz
	FDD

	19
	830 MHz 
	–
	845 MHz
	875 MHz
	–
	890 MHz
	FDD

	20
	832 MHz
	–
	862 MHz
	791 MHz
	–
	821 MHz
	

	21
	1447.9 MHz
	–
	1462.9 MHz
	1495.9 MHz
	–
	1510.9 MHz
	FDD

	22
	3410 MHz
	–
	3490 MHz
	3510 MHz
	–
	3590 MHz
	FDD

	23
	2000 MHz
	–
	2020 MHz
	2180 MHz
	–
	2200 MHz
	FDD

	24
	1626.5 MHz
	–
	1660.5 MHz
	1525 MHz
	–
	1559 MHz
	FDD

	25
	1850 MHz
	–
	1915  MHz
	1930 MHz
	–
	1995 MHz
	FDD

	26
	814 MHz
	–
	849 MHz
	859 MHz
	–
	894 MHz
	FDD

	27
	807 MHz 
	–
	824 MHz
	852 MHz
	–
	869 MHz
	FDD

	28
	703 MHz
	–
	748 MHz
	758 MHz
	–
	803 MHz
	FDD

	29
	N/A
	717 MHz
	–
	728 MHz
	FDD2

	...
	
	
	
	
	
	
	

	33
	1900 MHz
	–
	1920 MHz
	1900 MHz
	–
	1920 MHz
	TDD

	34
	2010 MHz
	–
	2025 MHz 
	2010 MHz 
	–
	2025 MHz
	TDD

	35
	1850 MHz 
	–
	1910 MHz
	1850 MHz 
	–
	1910 MHz
	TDD

	36
	1930 MHz 
	–
	1990 MHz
	1930 MHz 
	–
	1990 MHz
	TDD

	37
	1910 MHz 
	–
	1930 MHz
	1910 MHz 
	–
	1930 MHz
	TDD

	38
	2570 MHz 
	–
	2620 MHz
	2570 MHz 
	–
	2620 MHz
	TDD

	39
	1880 MHz 
	–
	1920 MHz
	1880 MHz 
	–
	1920 MHz
	TDD

	40
	2300 MHz 
	–
	2400 MHz
	2300 MHz 
	–
	2400 MHz
	TDD

	41
	2496 MHz 
	–
	2690 MHz
	2496 MHz 
	–
	2690 MHz
	TDD

	42
	3400 MHz 
	–
	3600 MHz
	3400 MHz
	–
	3600 MHz
	TDD

	43
	3600 MHz 
	–
	3800 MHz
	3600 MHz
	–
	3800 MHz
	TDD

	44
	703 MHz
	–
	803 MHz
	703 MHz
	–
	803 MHz
	TDD


From the table, it can be seen that for band 8, LTE bandwidths 1.4MHz and 3MHz are available

In band 1, these smaller bandwidths are not available in the current specifications. Thus, supporting the lower LTE bandwidths would require further RAN4 standardization work. However the required standardization in such a case would be considerably less than for LCR FDD, since signaling and RRM aspects are already designed into LTE.
Observation 1: In band 8, 1.4 and 3 MHz LTE bandwidths are available in the current specifications. Supporting smaller LTE bandwidths in band 1 would require further RAN4 specification work.

As mentioned above, the LTE L1 specifications are bandwidth agnostic. The basic unit in LTE is a 0.5msec subframe, and 2 subframes combine to make a TTI, independent of the bandwith. The broadcast and synchronization channels are transmitted once per frame in a defined subframe in the centre 6 PRBs, and the content of the PBCH is repeated for 4 frames. Thus, the LTE control signaling has been designed with the smallest bandwidth in mind
Observation 2: There is no need for new cell search and mobility requirements with LTE; the latency of the broadcast channel does not change with bandwidth

Observation 3: Control and user plane latency with LTE is independent of the bandwidth. TCP/IP etc. are not impacted

A comparison of LTE performance with LCR FDD performance requires further consideration and alignment of simulation parameters. It is interesting to note, however that the RAN4 minimum UE performance requirement for 3MHz LTE is 5.2Mbps at 17.9dB. This minimum performance requirement is for a fixed reference channel (i.e. no link adaptation) and includes implementation margins, and yet the throughput is similar to that observed with LCR FDD.
3 LTE in the S-UMTS scenarios
As already noted, standalone LTE operation is already possible today in band VIII. The bandwith, including the guard bands for LTE is somewhat larger than those proposed for N=2 and N=4 S-UMTS at 1.4 and 3MHz respectively. The underlying bandwidth is similar. For scenarios in which carriers are moved closer together and partially overlap, the impact of overlapping WCDMA and LTE carriers would require further study. One possibility with LTE downlink is of course not to schedule resource blocks that are close to the edge of the carrier, in order to reduce potential impact when carriers are overlapping. This could be useful in scenarios in which inter-carrier interference would otherwise be problematic. For the 1.4MHz bandwidth, it is not possible to reduce the bandwidth of the control channels, so the control channel coverage would need to be checked for this bandwidth, even if scheduling flexibility could be employed for the data channels.

[image: image2]
Observation 4: LTE may offer greater flexibility to reduce the interference impacts of overlapping carriers

For standalone operation, of course LTE capable terminals are required for supporting LTE. This should be considered in light of the fact that for LCR FDD, new terminal types with new RF filtering would be required to be deployed.

For the carrier aggregation scenarios, aggregation of HSPA and LTE would be required. Developing LTE-HSPA carrier aggregation would be a significant task, that would require a WI in itself. It should be noted though that development of the signaling and protocol support for such aggregation would cover scenarios other than the narrow bandwidth aggregation considered in this study item.

In evaluating LCR FDD, it is also necessary to consider the relative PSD available for the UMTS and reduced chip rate UMTS carriers. If deploying LTE to fill the smaller bandwidth, similar considerations on the available PSD would apply. If the whole band would be served with a single PA, then the PA power would need to be distributed across all of the carriers. Otherwise it could be the case that the smaller bandwidth carrier would benefit from an increased PSD compared with the larger bandwidth carrier. To some extent, the scheduling strategy described earlier in which PRBs near to the edge would not be scheduled could be considered for mitigating interference effects.
4 Conclusion

In considering the need for a technology that is not backwardly compatible, available existing solutions should also be considered. Thus it should be borne in mind that LTE is available for serving smaller bandwidths, in particular for band 8. LTE does not suffer from any latency penalties, has a greater amount of frequency domain scheduling flexibility for dealing with interference issues and is already available. However aggregation of LTE and UMTS would require some significant standardization effort. Similar considerations on power spectral density and gain would need to be made in considering LTE.
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