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1. Introduction
During RAN1 #46bis, it was agreed to define an uplink slot with extended cyclic prefix duration in order to cover long delay spread profiles of the channel to avoid severe inter-symbol interference [1]. In the course of the e-mail ad hoc on the UL reference signal structure, it was suggested to use a slot format only with long blocks, which allows the CP durations and the number of symbols in a slot to be harmonized between the UL and DL.
This paper examines the issue of the usage of the uplink slots with the extended CP. We outline our views on the use cases of the normal and extended CP durations in the SC-FDMA uplink of E-UTRA.
2. Discussion
One scenario, in which the extended CP (~ 16.7 us) may be beneficial for uplink transmission, is a cell of a relatively large size that has long delay spread that can not be sufficiently covered by the normal CP duration (~ 4.7 us). In [2], a statistical model of deriving delay spread distributions in various cells is outlined; the model was supported by a wide range of field measurements. On the basis of the model we calculate RMS delay spread and maximum excess delay distributions using the following assumptions:

· Clutter type: urban and sub-urban

· ISD: 1km, 5km, 10km

· σy: 2dB (urban), 5dB (sub-urban) -STD of RMS delay spread distribution
· To estimate maximum excess delay we assumed that the power delay profile is exponentially distributed 
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and that the last path is attenuated by 10 dB comparing to the strongest path
Figure 1 and Figure 2  show the cumulative distribution function (over Node B-to-UE distance e.g. the 50-th percentile means 0.5 * cell range) of the RMS delay spread and of the maximum excess delay respectively.
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Figure 1 CDF of RMS delay spread
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Figure 2 CDF of maximum excess delay
The important findings of [2] that can be seen in Figure 1 are:

· Individual RMS delay spread is correlated with the Node B-to-UE distance, and
· Average RMS delay spread in a cells depends on the type of environment on the cell size
3. Proposal

Based on the discussion in section 2, we observe that on the one hand using the short CP in relatively small cell ranges and in low-dispersion environments is sufficient, but on the other hand applying only the long CP in cells with large delay spread is sub-optimal for the following reason:
· Delay spread depends on the base-to-mobile distance; therefore, typically only a group of UEs in a cell will require the extended CP. For example, in the sub-urban macro cell with ISD = 5km from Figure 2 and a uniform UE distribution across the cell range around 65 % of UEs will have delay spread less than or equal to 4.7 us, which can be covered by the normal CP, while the other 35% of UEs will experience delay spread greater than 4.7 us requiring the extended CP. In the case the cell of ISD = 1km from Figure 2, only around 10% of UEs will require the long CP. Assuming that the CP length independent control/reference signal overhead is 4 DFT-SOFDM symbols per sub-frame (1ms), then the upper bound of the cell throughput penalty due to using only the extended CP in a cell with 10% of UEs requiring the extended CP, is 22.5%. This is somehow a simplistic analysis since it does not take into account the fact that enforcing a long CP limits mainly the throughput of cell-center UEs and possible costs of CP length selection on a per UE basis.
In order to avoid a throughput loss due to the usage of an insufficient CP duration, we propose to allow CP length usage on a per UE basis i.e. multiplexing of transmissions with different CP durations from different UEs in one cell. Some methods for multiplexing sub-frames with the two different CP durations include:

· Time division multiplexing

· Frequency division multiplexing

The TDM approach maintains orthogonality between sub-frames with different CP lengths and allows frequency domain scheduling among UEs with the same CP duration. The FDM approach does not maintain orthogonality between sub-frames with different CP lengths but allows frequency domain scheduling among users with the same or different CP lengths. Thus, the TDM option seems preferable.
The criterion to decide whether a given UE transmits a sub-frame with normal or extended CP should be based on the UE’s uplink multipath power profile exceeding a certain threshold. However, as it was shown in section 2, the RMS delay spread is correlated with the Node B-to-UE distance. Therefore, instead of defining additional delay spread measurements at the Node B (which would have to separate multipath components) we propose to reuse the time advance measurements. The TA of each synchronized UE is anyway available at the Node B (and UE) to maintain timing alignment of the SC-FDMA uplink at the receiver. The TA values can be used as estimates of Node B-UE distances and also as estimates of delay spread profiles as illustrated in Figure 3.
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Figure 3 Extended CP multiplexing and TA-based CP length selection
It may be noted that the above method does not preclude using a CP length per cell either by disabling per UE CP length selection or by configuring the CP change threshold to specific values. For example, to configure only the short CP in a cell the CP change threshold can be equal to or greater than 2*d/c (where d denotes the cell range) and to configure only the long CP the threshold can be set to 0. Moreover, to ensure that the correct CP length is selected the CP change threshold configuration may take into account the type of environment.

Although both the UE and the Node B share a common view on the current TA value, it may be beneficial to signal the CP length or CP change on the DL L1/L2 control channel (e.g. category 2). The reason is to bring the CP length under the Node B control and to give the Node B flexibility. For example, to schedule the UE with a short CP even though the UE’s TA is above the CP change threshold.
4. Conclusion
The analysis presented in this contribution indicates that using the extended CP on a per cell basis is sub-optimal. A simple way of determining the optimal CP length for each UE and of multiplexing UE transmissions with two different CP durations has been presented. To optimize the usage of the extended cyclic prefix, we propose:

· CP length selection on a per UE basis – preferably by L1/L2 control signalling

· Time division multiplexing of transmissions with different CP durations – so that the orthogonality between UEs is preserved

· Time Advance based criterion of CP length selection – so that no additional Node B measurements need to be defined
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