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1 Introduction

During RAN4 #37 in Seoul, a LTE work plan for RAN4 was agreed upon [1] where focus on modulation quality work area should be put until June 2006. Due to complexity of the work area and possible dependencies with other areas e.g. LTE ACLR [4] & [5], Ericsson proposes to initiate the discussions on modulation quality.
2 Discussion
Due to requirements for high peak data rates [2] and possibility to deploy various higher order modulations [3], the modulation quality needs to be carefully considered both in terms of definition and levels. Support for flexible bandwidths and MIMO also add to the complexity which might result in multiple requirements differentiated e.g. based on modulation scheme or support for MIMO.

In this paper, we propose an approach on how LTE modulation quality can be defined.
2.1 E-UTRA node-B modulation quality
In LTE down link, signal quality degradation is caused by various impairments such as phase noise, I/Q offset, group delay variations over frequency etc. The total degradation in this case can be defined as a single user EVM (Error Vector Magnitude). A possible definition for single-user EVM would in this case be:

Single-user EVM in a single user environment: [average/maximum] RMS data symbol error per sub-frame.
In a multi-user environment, except the impairments above, the leakage due to possible non-orthogonality between different users can additionally degrade the signal quality (see Figure 1), therefore an EVM definition in a multi-user environment is needed and would be sufficient to capture non-orthogonality and all other contributing impairments. A possible definition for EVM in a multi-user environment would in this case be:

Single-user EVM in a multi-user environment: [average/maximum] RMS data symbol error per sub-frame and user .
The choice for maximum value or average value over a sub-frame needs to be further investigated. 
The requirement levels will highly depend on the used modulation schemes, SNR for different services and the allowed power dynamics between different users. The latter needs to be addressed in detail and possible limitations to be considered to ensure feasible EVM levels.
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Figure 1. Multi-user DL for LTE
We also need to address the differentiator for EVM in terms of modulation schemes and MIMO since requirement levels can highly depend of the supported modulation schemes and/or MIMO.
2.2 E-UTRA UE modulation quality
For the UE modulation quality, beside a single user EVM we propose additional measurements due to arguments below:
A single-user EVM for E-UTRA UE covers the signal quality degradation due to various impairments but does not cover the case where multiple UE would transmit within the supported regulatory BW of the E-UTRA node B.
To ensure that all users can maintain the allocated bit rate, we propose to introduce a new measurement ISSL (In-band Sub-carrier Set Leakage) which covers the leakage towards other users within the supported regulatory BW.

ISSL can be defined as the power ratio between any used sub-carrier set and any non-used sub-carrier set within regulatory BW supported by the UE (See figure 2).
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Figure 2. ISSL definition
The requirements outside the regulatory BW are thus covered by ASSL [5].

In one possible scenario E-UTRA UE and E-UTRA node-B can support same regulatory BW. In this case the ISSL requirements should be valid within the common UE and node-B supported regulatory BW (see figure 3).
         
[image: image3.emf] 

Supported Regulatory BW     UE’s and  node - B  

A SSL  

A SSL  

I SSL 1  

UE 1   TX  

UE 2   TX  

I SSL 2  


Figure 3. UE and node-B supports the same regulatory BW
The other scenario occurs when Node-B and UE have different supported regulatory BW. In this case the combined ISSL and ASSL (Adjacent Sub-carrier Set Leakage) [5] requirement ensure that bit rate performance for all users is maintained (see figure 4.).
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Figure 4. Node-B and UE support different regulatory BWs
Even on UE side, the requirement levels will highly depend on the supported modulation schemes, SNR for different services, different transmitter schemes and the allowed power dynamics between different users. 
3 Summary

In this paper, the concerns and considerations for UE and node-B modulation quality are discussed. For node-B and UE, we propose a differentiation of requirements based on the supported modulation schemes and MIMO.

To maintain system performance (bit-rate/throughput) in DL, we propose single user EVM requirements in a single / multi-user environment for node-B.

For UE, beside a single user EVM, we propose a new requirement ISSL, to ensure that in a multi-user scenario the system performance can be maintained. We also show that the concept in combination with ASSL can handle various scenarios in terms of supported regulatory BWs. 
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