3GPP TSG-RAN1 #48-bis
R1-071725
Malta, MT, 26 – 30 March, 2007
Source:
Freescale Semiconductor

Title:
Cubic Metric Issues for the Uplink DM RS
Agenda Item:
7.10.2
Document for:
Discussion and Decision

1. Introduction

The uplink demodulation reference signals (UL DM RSs) exhibit very distinct cubic metrics (CMs) between different basis sequences [1-2]. The DM RSs with high CMs could cause power de-rating of the transmitting UE. In this paper, we propose a very simple DM RS planning strategy to avoid the potential power de-rating issue. We believe that only power-limited UEs may suffer from high CM signals. Therefore, the power de-rating could be avoided by simply reserving low CM DM RSs for the power limited UEs.
2. Cubic metric of DM RSs
The demodulation reference signal (DM RS) is used by the Node B to estimate the UL channel before decoding the data. The uplink reference signals are based on Zadoff-Chu (ZC) sequences, which are non-binary unit-amplitude sequences. ZC sequences have zero dB PAPR/CM (cubic metric) and ideal cyclic autocorrelation. However, after the processes of cyclic extension or truncation and inverse FFT, the resulting time-domain DM RSs may exhibit very different CMs. For example, for ZC sequence of length 11 (corresponding to one RB after cyclic extension), there are 10 different basis sequences and their CMs vary from 0.17 dB to 1.5 dB. Fig. 1 illustrates the CM variation among the reference signals with lengths of one RB, two RBs, and three RBs, where the DM RS were generated based on cyclic extension of the ZC sequences.
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Figure 1: Cubic metrics of the uplink demodulation reference signals.

3. Planning of UL DM RSs
The maximum CM among all possible DM RSs is less than 3 dB. Therefore, for a UE operating at, say -30 dBm, the CM of the associating DM RS does not matter at all. But for a UE operating at 24 dBm, the CM of its DM RS does matter. Therefore, we can reserve the low-CM DM RSs for power-limited (or almost power-limited) UEs, but do not enforce any CM related constraints to the DM RS planning for most of the UEs that are transmitting at low power levels. 

Most likely, the power-limited UEs are only allocated with no more than 3 UL RBs. Therefore, we only need to study the CM properties of those DM RSs shown in Fig. 1. As the maximum CM is 2 dB in Fig. 1, we should identify those UEs as power-limited UEs whose transmit power levels are 0 to 1 dB lower than its capacity (with 1 dB headroom). Therefore, for example, for 1 RB DM RS, we can reserve basis sequences No. 1 and No. 10; for 2 RB, we can reserve basis sequences No. 1 and No. 22; for 3 RB, we can reserve basis sequences No. 6 and No. 25. 
In summary, we propose to add a criterion to the planning of the DM RSs, which reserves the lowest-CM DM RSs to power-limited UEs.
4. Identification of power-limited UEs
There are multiple ways to identify the power-limited UEs. 

1. The most straightforward way is to let the UE inform the Node B the difference between its current transmit power level and its capacity. So, when the difference is less than 1 dB as analyzed above, the UE should be identified as power-limited UE for DM RS planning purpose.

2. The Node B may infer that a UE is power limited if the received CINR for that UE is lower than a certain threshold for a period of time. 
3. The Node B may also infer that a UE is power limited when the Node B allocates a larger BW to the UE, but measures a reduced CINR from that UE due to the BW increase.
5. Conclusions
In this paper, we proposed a simple solution to avoid the power de-rating due to the possible high cubic metrics of some DM RSs. We explained that only power-limited UEs may suffer from high CM signals. Therefore, the power de-rating could be avoided by simply reserving low CM DM RSs for the power limited UEs. We also showed three methods for the Node B to identify the power-limited UEs.
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