TSG-RAN meeting #48 
 RP-100610
Seoul, South Korea, 1-4 June 2010


Source:
ST-Ericsson, Ericsson,
Title:
UE Receiver Requirements for Band 20
Agenda item:
9.1.1.5
Document for:
Discussion & Decision
1 Background
One receiver requirement for the UE still remains open in order to complete work in the EU800 work item: the requirements for reference sensitivity for the 10, 15 and 20 MHz bandwidths are still outstanding for Band 20. The reference sensitivity is the minimum power level at the antenna port at which the UE shall be capable of demodulating a certain measurement signal, while the transmitter is operating at maximum power with a certain uplink application. This mimics operation at the cell edge in live networks under certain conditions. 
The requirements for the 15 MHz and 20 MHz bandwidths are now agreed by RAN4 following extensive work, but there is disagreement for the 10 MHz channel bandwidth. Two CRs were discussed at the RAN4#55 meeting
· [1] sourced by Ericsson, Fujitsu, Motorola, Nokia, Qualcomm, ST-Ericsson, Deutsche Telekom, Infineon Technologies, LGE, Renesas, Samsung
· [2] sourced by Vodafone and Telefonica
The difference lies is the uplink allocation (at maximum power) used for verifying the performance at the minimum power level in the downlink for the 10 MHz channel bandwidth: 20 resource blocks (RB) are proposed in [1], 25 RB in [2]. 
In view of ongoing and planned spectrum auctions, the outstanding requirement for 10 MHz should be resolved urgently. Vendors supporting [1] have already performed extensive simulations and received input from their power amplifier and duplexer vendors.  It is not expected that the ultimate conclusions are likely to change by asking that the requirement be re-evaluated over another meeting cycle in RAN4. 

Maintaining ‘Band 8 performance’ for the new band has been a target during the RAN4 work. The new Band 20 at 800 MHz has indeed similar characteristics as Band 8 at 900 MHz: the duplex spacing is almost the same and the available spectrum is similar. The main difference between these bands is that the 15 MHz and 20 MHz bandwidths are supported for Band 20, whereas Band 8 only supports bandwidths up to 10 MHz. Most of the work in RAN4 therefore focused on the 15 MHz and 20 MHz bandwidths, while it was assumed that the Band 8 requirements for the 10 MHz bandwidth could be reused for Band 20 in view of the similarities, that is, an uplink allocation of 25 RB. However, this assumption has been questioned during the work: in e.g. [3] it was proposed that uplink allocation should be reduced to 20 RB.  

In this contribution we illustrate the problem by a comparison to Band 8 and supply further results supporting a reduction from 25 to 20 RB for Band 20 in order that the same requirements on UE complexity and power consumption are maintained for these two bands. Furthermore, several operators have voiced relevant concerns that there will be a negative impact on system capacity. It is our view, as argued below, that this reduction will have minimal or no impact on system performance, whereas maintaining the 25 RB for the minimum requirement on the reference sensitivity will be at the expense of higher power consumption under many operating conditions for this band. 
2 Further results on the 10 MHz bandwidth: comparison with Band 8
The underlying problem is that the UE transmitter that is operated at full power will produce emissions outside the transmit band that leak into the receive band. These emissions in the uplink will be attenuated by a duplex filter to a large extent, but the leakage into the receiver may still be comparable to the downlink signal if the received signal level is low, the case when measuring reference sensitivity. Figure 1 displays the emissions outside the transmit band 832-842 MHz (10 MHz bandwidth) for 20 and 25 RB allocation before the duplex filter, the receive band (9 MHz effective bandwidth for the 10 MHz channel bandwidth) is marked by the delimiter in red. The uplink RB allocations are in the worst case position: closest to the receive band. The transmitter emissions falling into the receive band can be reduced by reducing the uplink allocations: notice that the 20 RB allocation (blue curve) produces lower emissions than the 25 RB allocation (green curve). 
Other ways of reducing the emissions is to introduce more filtering, improve transmitter linearity or asking that the duplexer filter provides larger attenuation. However, this increases the power consumption, cost and complexity of the UE. 

Figure 1: emission for the UE transmitter.
Now, the current assumption is that the reference sensitivity is the same for Band 8 and Band 20; -94 dBm, which is verified with the same uplink allocation: 25 RB. However, the duplex distance (the frequency separation between transmit and receive bands) is 45 MHz for Band 8 but only 41 MHz for Band 20. If the uplink RB allocation (transmission bandwidth) and output power are the same, this 4 MHz difference will be manifested by a larger leakage signal for Band 20 since the transmit band is closer to the receive band. More precisely, the leakage signal will be 3 dB higher for Band 20 given the same uplink output power. Figure 2 shows the transmitter leakage in more detail for Band 20. The 3 dB difference is integrated over the receive band but can also be distinguished as the difference between the emission curves for 20 RB (blue) and 25 RB (green) uplink allocations. 

Firstly, calculating the reference sensitivity according to formulae given in [4] it turns out that it is possible to meet the -94 dBm requirement for Band 20 with 20 RB uplink allocation but not with 25 RB due to the 3 dB larger transmitter leakage. 

Secondly, comparing to the Band 8 case, shifting the green curve for 25 RB 4 MHz to the right in Figure 2, increasing the duplex separation to 45 MHz just as for Band 8, the green almost falls on the blue curve for 20 MHz. Hence, in absolute terms, the transmitter leakage for 20 RB in Band 20 is almost the same as that for 25 RB in Band 8. 

From these results we conclude that if the reference sensitivity (the minimum downlink power) is to be the same for bands 8 and 20, the uplink allocation should be reduced to 20 RB for Band 20 to keep the transmitter leakage the same. Alternatively, if the 25 RB is retained for Band 20 the reference sensitivity should be changed to -93 dBm or higher for Band 20 to account for the larger transmitter leakage. 
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Figure 2: emission for the UE transmitter falling within the receive band (red).

3 System capacity and reference sensitivity

The reduction of the uplink allocation for the reference sensitivity test case does not mean that larger allocations cannot be used.  This is, after all, a test methodology to confirm receiver performance in the UE. From the above results we note that a 25 RB allocation (closest to the receive band) for Band 20 would result in a 1 dB higher minimum power in the downlink, roughly. However, this is assuming the worst case position of the uplink 25 RB and in the absence of any interference in the system (noise limitation, e.g. indoor coverage from an outdoor base station). Moreover, a 25 RB allocation can be scheduled in other parts within the uplink channel bandwidth without degradation of the performance. Hence 
· the impact on the system capacity and coverage of a slightly reduced uplink allocation in the sensitivity test is expected to be marginal. 
However, the 25 RB worst-case allocation for the reference sensitivity test will require a further reduction of the transmitter leakage to meet the -94 dBm requirement: this calls for a better transmitter linearity, and higher power consumption than for Band 8 operation (or more stringent filter requirements). The higher power consumption will be noticeable under many operating conditions in a live network.
4 Proposal

It is proposed that RAN#48 agrees to:
· reduce the uplink allocation to 20 RB for 10 MHz bandwidth in order to keep the consistent requirements on UE complexity and power consumption as for other E-UTRA bands,
· approve the CR in [1] accordingly.

This conclusion has broad support among many vendors in RAN4, the position of which are not expected to change if this issue is delayed another meeting cycle for further consideration in RAN4. 
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