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1     Introduction
The framework set out for Evolved UTRA in TR 25.913 [1] is pointing towards a very flexible system, also with regard to the radio interface. Yet the time frame for developing new core specifications is short (2007), the system concept at a Stage 2 level should be ready June 2006 according to [1]. Preferably, therefore, some scenarios and options should be prioritised for the first release of E-UTRA so as to reduce the work load anticipated for RAN4 and eventually help meeting the tight time schedule. 
One way to reduce the flexibility is to use fewer channel bandwidths and base the first version of E-UTRA on the existing 5 MHz channel (optionally in a multi-channel arrangement) and its spectrum mask. Moreover, for the first release, the number of BS classes and terminal classes could be limited to two. Note that this does not preclude the use of more bandwidth options or power classes in future releases of E-UTRA.
Some of the requirements in [1] related to the radio interface and RAN4 scope are
· bandwidth: E-UTRA shall operate in spectrum allocations of different sizes, including 1.25 MHz, 2.5 MHz, 5 MHz, 10 MHz, 15 MHz and 20 MHz in both the uplink and downlink
· coverage: E-UTRA should be sufficiently flexible to support a variety of coverage scenarios for which the performance targets should be met assuming the reuse of existing UTRAN sites and the same carrier frequency
· throughput: a target for user downlink (DL) throughput per MHz at the 5 % point of the C.D.F. of 2 to 3 times Rel-6 HSDPA, averaged user throughput per MHz 3 to 4 times Release 6 HSDPA. For the uplink a target user throughput per MHz at the 5 % point 2 to 3 times that of Rel-6 Enhanced Uplink, averaged user throughput per MHz is 2 to 3 times Rel-6 EUL.
Indeed, this implies a very flexible system, which should also support peak rates up to 100 Mbps. This should be done at a reasonable cost, following [1],

· the E-UTRAN architecture should reduce the cost of future network deployment whilst enabling  the usage of existing site locations

· UE complexity and power consumption shall be minimized and optimized.
Some of these requirements may be conflicting, if a four times increase of user (information) rate is desired at the 5% point whilst still reusing sites, 6 dB has to be found somewhere in the link budget for example. Clearly, all these requirements are difficult to accommodate at once.
In this contribution, it is proposed to focus initially on a limited number of channel bandwidth for the first E-UTRA version that would still allow an increase of the user throughput. Moreover, two distinct classes of base stations (BS) are proposed: one high output power BS type for coverage scenarios and one low power low-cost BS type for supplying high data rates in dense BS deployments (assuming sufficient backhaul can be arranged).  FDD is considered throughout, but most of the deliberations are equally valid for TDD.
2     Two different bandwidths mapped to different bands
To reduce the UE and low-cost BS complexity and alleviate co-existence problems it is proposed to use a single mandatory 5 MHz channel bandwidth for spectrum allocations above 1.7 GHz where the bands are sufficiently large. This would also simplify co-location with legacy GERAN/UTRAN and provide an easier migration path from current UTRA deployments (GSM and UMTS coexistence studies are already underway and can then be reused for E-UTRA). 
Bundling of two adjacent 5 MHz channels (resource aggregation) to form a 10 MHz channel should optionally be supported. This option will potentially double the data rate, at least, compared to Rel-6, while the same spectrum mask can be maintained (same as two adjacent UTRA carriers). 
For the lower carrier-frequency bands a bandwidth of 2.5 MHz is proposed, where the frequency blocks are narrower. A smaller bandwidth will also imply a possible longer range at frequencies that are already suitable for coverage. 

The proposed channel bandwidths are summarised in Table 1. 

Table 1: proposed channel bandwidths for the first phase of E-UTRA

	Operating band
	UL/DL Frequency (MHz)
	Channel bandwidth (MHz)

	I
	1920-1980/2110-2170
	5

	II
	1850-1910/1930-1990
	5

	III
	1710-1785/1805-1880
	5

	IV
	1710-1755/2110-2155
	5

	V
	824-849/869-894
	2.5

	VI
	830-840/875-885
	2.5

	VII
	2500-2570/2620-2690
	5

	VIII
	880-915/925-960
	2.5


Comparing to other technologies, the bandwidths proposed are obviously narrower than the WLAN 20 MHz channels, but the E-UTRA frequency blocks are generally smaller than the two allocated for WLAN (83 MHz at 2.4 GHz and 455 MHz at 5 GHz, both of these are contiguous). For the IEEE 802.16e mobile extension, the first bandwidth options to be certified by WiMAX are the 5 and 10 MHz. Hence, from the viewpoint of channel throughput, the proposed bandwidths above can make E-UTRA competitive or an attractive complement already from the start. 
The reasons for using only a smaller number of channel bandwidths are further elucidated in the following.
2.1     UE complexity

In [1] it is required that “The E-UTRA and E-UTRAN Requirements should minimize the complexity of the E-UTRA UE in terms of size, weight, battery life (standby and active) […].” 

The flexible channel bandwidths considered will be a challenge from a filtering standpoint and also imply sharper requirements on the A/D converter (ADC). The IF filter in a super-heterodyne receiver architecture (a likely implementation for E-UTRA) will greatly reduce the dynamic range of the input signal to ADC.  An example of an advanced receiver architecture based on IF A/D conversion and digital down conversion (DDC) is shown in Figure 1, note the IF filter preceding the ADC (today it is more common to do a second down conversion before the ADC). However, in a multi band arrangement most of the channels will be narrower than the IF bandwidth which must accommodate the largest bandwidth (e.g. 20 MHz) or an entire frequency block in case of IF conversion. More than one channel will then be digitized simultaneously. Since adjacent channels can be significantly stronger than the desired channel, that is, one must account for inband blockers. This has a significant impact on the ADC dynamic range and the number of bits required. 
[image: image1.emf]
Figure 1. An IF conversion receiver architecture. 
The dynamic range requirement is alleviated if the ratio between the IF bandwidth before conversion and the smallest channel width is reduced. The power consumption of the ADC increases with the number of bits, roughly proportional to 2#bits, hence even supporting the limited proposal above ranging from 2.5 to 10 MHz could be demanding from a complexity and power consumption viewpoint. 

Today there exist commercial ADCs permitting IF sampling with a large dynamic range, but the power consumptions of these would be too large for UE implementation. Hence, it seems to be reasonable to limit the number of channel bandwidths.

2.2     Co-existence

E-UTRA is required to cope with co-existence in the same geographical area, co-location with GERAN/3G on adjacent channel as well as co-location between operators on adjacent channels. It will be challenging and time consuming to consider all the possible differences in the out-of-band emission and spurious domain for all the channel bandwidths listed in [1]. Employing a 5 MHz channel bandwidth as proposed above would allow reuse of the existing spectrum mask in TS 25.101 and would significantly ease the co-existence problems and speed up the standardisation work for the first E-UTRA release. 
New results must be derived for the 2.5 MHz cases in Table 1, but this is perhaps easier since the occupied bandwidth is smaller than that of the current UTRA mask.

Regarding the collocation with GERAN/3G, co-existence between GERAN and 3G is already studied by RAN4 within the UMTS900 WI, and some of these result could be reused for E-UTRA if the same 5 MHz spectrum mask is assumed, at least concerning the interference into GSM. 
Bundling channels means that one uses the spectrum offered by two adjacent channels to obtain a doubled data rate or more by means of trunking gain. The co-existence and co-location scenario would not be different from the case in which several adjacent UTRA 5 MHz channels are used.

2.3     Frequency planning

The complexity of frequency planning will increase with the number of bandwidth options used, also if the radio interface employs spectral spreading.

If spectral spreading (by frequency-hopping OFDM for example) and reuse one are used operators must still account for the inter-cell interference when deploying new E-UTRA sites or reusing existing UTRA sites. The interference spectral density may then vary significantly in different parts of an operator block allocation, and will not be counteracted by interference averaging in all cases.
For a conventional frequency-planned system at least three channels would be needed, and the complexity of adding more channel bandwidth options is possibly more obvious. 

Note that the use of a 2.5 MHz bandwidth for the lower bands in Table 1 would necessitate a 3 × 2.5 = 7.5 MHz UL/DL block per operator if spectral spreading is not used. This may not be feasible in some candidate bands for E-UTRA. The 1.25 MHz option could be considered at a later stage if a clear demand arises.
3     Channel bundling
The possibility to bundle channels and use a multi-channel capability is already available for the IEEE standard 802.11g, “Super G”, and should therefore also be feasible for E-UTRA at a reasonable cost. Note that it is only possible to combine two adjacent channels in the existing WLAN implementations. A snapshot of two 802.11g channels, a single and a bundled, is shown in Figure 2 (taken from [2], source: Elliott Laboratories, Inc.).    
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Figure 2. Bundled 20 MHz OFDM carriers in the 2.4 GHz band. 
If two separate channels are multiplexed one could possibly also exploit the data rate given by the combined block at the range of the single constituent channels. The 2.5 MHz channels in the lower frequency bands in Table 1 could of course also be bundled to form a 5 MHz channel, but this needs more study and is not considered in this proposal.
4     BS Classes
E-UTRA has been considered both for wide-area and local-area scenarios, and there appears to be strong interest in both. Therefore, two different BS classes are proposed here
· a “conventional” high output-power BS similar to the GSM BTS and UTRAN Node B;

· a low-output power BS for local deployment and designed for low cost.

The former is probably a rack mounted type with cooling systems and the like, whereas the low-cost local area BS (or access point) could be housed in a pizza box. 

Suggested characteristics for the proposed types are given in Table 2.

Table 2: characteristics of the BS classes
	BS Class
	Typical 
output power (dBm)
	Channel bandwidths supported 
(MHz)

	Wide area
	43-50
	2.5, 5 (10)

	Local area
	23-30
	5 (10)


The 10 MHz figure within brackets refers to two bundled 5 MHz channels, this arrangement is proposed as an option. 
The local area class has an output power range comparable to WLAN systems, but the narrower bandwidth and the lower carrier frequency for most bands will offer better coverage at data rates that are still competitive (the bandwidth of 802.11g and the 5 GHz versions is 20 MHz). 

The wide-area class has bandwidths and an output power range comparable to that proposed for IEEE 802.16e. Support of the 2.5 MHz channel at frequencies below 1 GHz (see Table 2) for this class will give an advantage where ubiquitous coverage is desired (rural deployments for example). Providing coverage is still a challenge at the target data rates for E-UTRA (typically 2-3 times those of Rel-6). Observe also that the 2.5 MHz bandwidth is ten times wider than that of GSM. 
5     UE output power classes

Two power classes are proposed for the first release of E-UTRA. High output power is desirable from a planning standpoint but will pose more difficult problems in terms of linearity and power consumption, compare the UE requirements in [1]. It may also be more expensive; the development of high-output power efficient power amplifiers is slower than Moore’s law. Therefore, a lower-output power UE should be included in the first release.

6     The 100 Mbps issue
Finally, [1] suggests significantly increased peak data rates for UTRA, e.g. 100 Mbps in the downlink and 50 Mbps in the uplink. These seem to be magical numbers. However, even with a 20 MHz channel, they are unlikely, at least if the figures refer to user data rates delivered to the application layers. The latter rate is the relevant measure, not the PHY rate. 

It is interesting to compare to WLAN, in which case the products are marketed as 54 Mbps over a 20 MHz channel, or even 108 Mbps when channel bundling is employed. It should be noted that these figures refer to the rate on top of the physical layer excluding coding, but does not account for the MAC layer. The maximum user data rate is in the neighbourhood of 25-30 Mbps per 20 MHz channel, using the 64QAM modulation (54 Mbps) scheme. 
It is suggested that the 50 and 100 Mbps figures should not be taken too literally for the first version of E-UTRA, increasing the spectral efficiency two times compared to Rel-6 is a challenge big enough (also when MIMO is considered). Moreover, the biggest problem for supplying a good packet data performance in UTRAN is not the radio interface but rather the system architecture which must provide much lower latencies.
7     Summary and conclusions
The overall objective here is to propose a way forward to reduce the flexibility of the radio interface for the first release of E-UTRA, and thus be able to meet the stringent time lines set up in [1] and subsequently to reduce time to market. 

In particular, this contribution proposes the use of fewer channel bandwidths for the first phase of E-UTRA

· the legacy 5 MHz channel with its spectral mask according to TS 25.101

· a narrower 2.5 MHz channel for carrier frequencies below 1 GHz

· the option to bundle two 5 MHz carriers into a 10 MHz block (resource aggregation)

This will alleviate co-location and co-existence problems and allow the reuse of existing results and reduce the amount of work that has to be carried out by RAN4. UE complexity will also be reduced, which is beneficial from a cost and power consumption standpoint.
Two base station classes are proposed; the high-output power BS for wide-area deployment will also support the 5 MHz channel bandwidth, the local-area BS should open of for low-cost solutions.
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