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1    Capacity requires spectrum: the 3.4-3.8 GHz band
RAN4 has agreed priority for the LTE specifications work as regards the operating BW, frequency bands and duplex schemes [1]. The 2 GHz and 2.6 GHz band for operating bandwidths above 5 MHz have the highest priorities (and 1.6 MHz for Band VII un-paired). The time schedule is tight and the RAN4 work load frantic so it is perhaps not the right timing to propose additional bands, even at a lower priority. It is nevertheless still worth noting that licensed bands in the 3.4-3.8 GHz range have already been opened for nomadic/mobile service in many countries, at least in Europe, and the regulatory bodies are soon likely to take further steps towards technology neutral usage rights. These bands 
· represent a substantial spectrum amount;
· are still attractive from a propagation standpoint, at least for shorter range nomadic applications (e.g at 3 km/h);
· are available ‘now’ 
 and hence should be attractive bands for LTE in a first phase.
There are two new licensed bands: 3.4-3.6 GHz, which is already widely available Broadband Wireless Access (BWA), and the 3.6-3.8 GHz band. These bands have earlier been allocated to the Fixed Service on a primary basis in Region 1. They are also candidate frequency bands under consideration in the ITU for identification for IMT at WRC 07 (worldwide). 
The higher frequency and allocation/block size suggests the use of wider operating bandwidths ( 5 MHz like for the above bands with the highest priority [1], so some of the earlier co-existence work can be reused. There are currently no legacy mobile services in the band, but technology neutrality can change this as these could potentially enter on the same conditions as LTE. RF requirements may be slightly more awkward since the band plans are not settled and could vary in different countries. 
Rather than focussing too much on the narrower operating bandwidths for lower bands in which GSM and legacy UMTS (sic) will still be used for many years, one could look at exploiting what is already available. In Europe the band 3.4-3.8 GHz has recently been designated for BWA [2] that would also allow LTE.            
2     Provisional band plans
The ECC Decision (02)07 not only designates the band 3.4-3.8 GHz for BWA deployment, it provides condition for ‘flexible usage modes within authorised BWA deployments’, see [2] for details. This regulatory provision will allow licence holders to deploy various types of terminal stations, from fixed to mobile. For mobile Terminal Stations there is an additional requirement that the radiated output power must be limited to 25 dBm/MHz but this should not present a major problem to LTE terminals (this operational requirement may change following current work on technology neutrality within ECC).    

Examples of band plans are given in ECC Recommendation (04)05, both for paired only and mixed duplex arrangement, see Figures 1 and 2 [3]. These examples assume a 100 MHz duplex spacing for FDD. It is recommended that the blocks are formed by aggregating a number of 0.25 MHz basic slots, which would make it possible to form blocks according to current band plans. 
[image: image1.emf]
Figure 1. Example scheme for the concept of paired equal blocks only in the 3.4-3.6 and 3.6-3.8 GHz bands
[image: image2.emf]
Figure 2. Example scheme for combining paired and unpaired blocks in the 3.4-3.6 and 3.6-3.8 GHz bands
These bands constitute a substantial amount of spectrum that will be available to LTE in many countries in the short term. In a paired arrangement, operators may be able to fit up to three 10 MHz channels (e.g. reuse 3) and 20 MHz channels could also be possible depending on the block size, for example. In Europe (Region 1) both bands can be used so block sizes could be large for any duplex arrangement. 
The frequency bands 3.4-3.6 and 3.6-3.8 GHz are not available in all regions, but if combined with operation in Band VII (2.6 GHz) LTE could be a viable option for mobile, or at least nomadic, high data-rate services in most countries. In Europe all these bands will be available in the near term; in other regions two of them are available or considered.    

3     LTE needs spectrum too

High spectral efficiency is of course desirable but large system capacity/performance still requires a substantial spectrum block (or blocks). Some examples of spectral efficiencies of today’s systems: current versions of WLAN IEEE 802.11a/b/g typically achieve around 0.25 bps/Hz/cell on average (w r t user data on top of MAC) in an interference limited scenario assuming reuse amongst 20 MHz channels. HSDPA is in the same neighbourhood (average cell throughput for non-isolated cells). LTE might achieve even higher values, but not to order of magnitudes, so spectrum is needed if system capacity is desired. Blocks allocated in the bands discussed in the previous section should also allow high operating bandwidths that will increase user performance and supply ‘trunking’ gains.  
4    RF requirements briefly
The duplex distance for the 3.4-3.8 GHz bands is likely to be about 100 MHz similar to that of 2.6 GHz band, but the gap may be smaller which will have implications on filters. 

Co-existence with legacy services is likely to involve BWA, in particular systems compliant with the TDD version of the IEEE 802.16-2005 standard. To this end, the FDD/TDD studies for the 2.6 GHz band might be revisited, albeit augmented to account for the higher frequency. It is questionable whether or not the 2000 MHz simulation frequency (see 36.942) can be used; for the 2.6 GHz it has been, by virtue of a higher potential antenna gain compensating for the increased path loss. Use in 3.6-3.8 GHz would indeed stress this assumption to the maximum… 

Blocking requirements (type of interferers) should be similar to those of the 2.6 GHz band. One could perhaps limit eNB requirements corresponding to medium and local areas since nomadic operation and shorter ranges are more likely in these bands. It’s also worth noting that the 2nd harmonic of GSM1800 BTS falls into the 3.6-3.8 GHz band.

The spectral emission masks suggested are interesting. For the European market, [3] proposes the following block edge mask for central stations (Node B), which includes a certain guard space. The latter can be removed if operators co-ordinate. ECC (WG SE42) is now considering an EIRP mask based on this, a certain antenna gain will be added (16 dBi has been discussed, and EIRPMAX = 23 dBW/MHz).  
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Figure 3. Propsed block-edge mask for central stations.
Examples considered by ECC WG SE42 for the UE are shown in Figure 4. 
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Figure 4. Block Edge masks for the terminal station (e.g. UE). 
In Europe, similar masks may be devised for all mobile bands so as to allow technology neutrality. In any case, the LTE SEM should be devised very carefully to minimise ACI and enable co-existence with other LTE and BWA operators in each band.

4     Proposal
The 2.6 GHz band for operating band with operating bandwidths ( 5 MHz has the highest priority in RAN4 along with the 2 GHz bands. Besides these, it is proposed that the bands in the range 3.4-3.8 GHz be considered for LTE deployment and appropriate RF requirements set. The 2.6 GHz band complemented with the 3.4-3.6 GHz and the 3.6-3.8 GHz bands would represent a substantial amount of spectrum available to LTE. At least two of these bands are already available in many countries. Therefore, it is perhaps better to focus initially on these for large operating BW rather than the narrower ones for lower bands in which GSM/UMTS will still be used for many years? 
It is not suggested that the RAN4 work plan be changed, but rather that the bands in the range 3.4-3.8 GHz should be considered for LTE specification when work load permits.  
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