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1. Introduction
This contribution intends to initiate a discussion on receiver demodulation performance requirements for E-UTRA UE. The document discusses different aspects that need to be considered and agreed before the work can progress on a practical level, where simulations can be performed. In the contribution we consider UE demodulation requirements only from the perspective of unicast services. The UE requirements of MBMS services are not covered in the contribution.
2. Discussion
In this section we try to identify what features, parameters and other issues need to be considered when developing E-UTRA UE demodulation performance requirements for unicast cases.  

During the LTE study item phase the following BW options were also considered 1.25, 2.5, 5, 10, 15 & 20 MHz.  Later on, during the WI phase, it was agreed that the final RF BW options would be defined in RAN4 and the L1 specifications would be defined in a generic manner e.g. to avoid delays in the RAN1 work due to RF issues. Thus, the last RAN4 meeting agreed the following priority table in order to progress the requirement definition using a phase approached and thereby making it possible to meet the set WI timeline.
Table 1 Agreed priorities for different BW, frequency band and Duplex mode combinations
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When initiating the work on defining demodulation performance requirements for the UE the priority #1 cases in the agreed priority list Table 1 could be used as a starting point for the requirement discussion. However, as the priority list does not contain any case for ~20 MHz operating BW. In some cases it could be considered that the ~20 MHz BW option sets certain UE capability limits to the terminals.  Therefore it could be useful to consider whether already the first set of the UE demodulation requirements should cover 20 MHz case although the RF requirement definition is initiated according to the priority list. In general it should be decided what BW options should be considered in the UE demodulation performance requirements. If possible, it would be desirable to limit the number of requirements and simulation cases in order to make it possible to keep the WI timeline set for RAN4. 
The following DL physical channels (excluding MBMS related channels) have been agreed in RAN1:

· Physical Downlink Shared Channel 
· Common Control Physical Channel 

Additionally the following unicast related transport channels have been agreed
· Downlink shared channel

· Broadcast channel

· Paging channel 

We feel that similar as for UTRA it would be useful to develop minimum UE performance requirements both for DL shared channel reception as well as for common channels reception. Additionally, based on the RAN2 discussions it is expected that the UE should be able to receive DL shared channel while also receiving control information from the broadcast channel from its own cell. Thus, it could be discussed whether e.g. requirements for simultaneous DL shared channel and broadcast channel reception are needed in order to ensure efficient system operations. In order to simplify the demodulation requirements it might be beneficial to consider separate demodulation requirements for the case where no channel quality feedback (CQI) is utilized and then for CQI reporting from the UE to the network. 
For data transmission on DL shared channel both localized and distributed transmissions have been considered in RAN1. However, at the moment only localized transmission is defined in the L1 specifications. Therefore, we feel that it would be best to start the requirement definition with the localized transmission. The localized transmission is also the one that can efficiently be used in radio channel based packet scheduling schemes. 
The E-UTRA system supports three different modulation schemes in DL; QPSK, 16QAM and 64QAM.  The maximum data rates are scalable as a function of the BW and the maximum user data rate is dependent on the number of allocated Resource Blocks, how often resources are scheduled for the user and naturally on modulation and coding scheme. As it is expected that there will be several different UE capability classes for supported data rates, it is likely that at least in some of the requirements scenarios the full DL operating BW is not continuously occupied by the data the given UE needs to decode. In order to cover large part of the DL reception BW even when user data rate in the requirement does not require the full DL BW it could be investigated whether it would be useful use some method for imitating packet scheduling that schedule resource blocks in different parts of the DL operating BW. Thus in order to facilitate the comparison  of different options modulation and coding scheme options could be defined to be common for different BW and resource block allocation options when ever feasible. By scaling the used transport block size as a function of number of resource block allocated in a manner that the achieved code rate remains approximately the same, different options could be determined.  Example of such reference MCS configuration is given below in Table 2. The illustrative transport block size is given as a function of MCS and RF bandwidth. Selected MCS were chosen just as an example and the RF bandwidth could be replaced by corresponding resource block allocation. This is only presented for illustrative purposes and the feasibility of approach should be assessed once related details have been agreed. 
 Table 2. Illustration of possible reference MCS definitions.
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#1 QPSK 1/3 1 2 4 8 12 16

#2 QPSK 1/2 1.5 3 6 12 18 24

#3 16QAM 1/2 3 6 12 24 36 48

#4 16QAM 3/4 4.5 9 18 36 54 72

#5 64QAM 3/4 6.75 13.5 27 54 81 108

#6 64QAM 5/6 7.5 15 30 60 90 120

MCS Illustrative transport block size

Code rate Modulation Set

RF bandwidth


Note: This is an example only
In the first phase requirements for 1Tx transmission schemes could be defined as it is still expected to be the main transmission scheme or at least it is important to ensure good performance for this basic case. Before the actual requirement definition can start a reference receiver structure for ensuring aligned simulation results from different companies need to be agreed. We feel that for the first set of requirements either MRC or IRC type of a reference receiver structure could be suitable but would like to hear the views of other companies on this reference receiver structure selection. 
As already mentioned earlier it might be beneficial to define separate requirements for CQI estimation and reporting. When separate requirements are considered it is typically easier to define more stringent requirements as there are less variable in the requirement scenario. The details of the CQI are not yet defined in RAN1 but it is desirable that CQI would be defined in manner that it directly indicates a specific transmission format that the UE can support in given radio propagation conditions and with given error rate. In this way it is possible to define a receiver independent and testable CQI scheme. 
5. Conclusions
In this contribution we have initiated a discussion on receiver demodulation performance requirements of E-UTRA UE for unicast services. We have briefly covered the following areas;

· BW options and agreed priorities cases for requirement definition

· It is also discussed whether 20 MHz case should be covered in the first phase of the E-UTRA UE demodulation requirements although it is not priority #1 case

· Split for “Fixed Reference Channel” and “CQI estimation and reporting” type of requirements similarly as in HSDPA is seen attractive

· Additionally it is discussed whether combined whether requirements e.g. for simultaneous DL shared channel and broadcast channel reception are needed
· It is proposed that the requirement definition would be started with localised transmission, which is agreed to the RAN1 specifications already
· It is considered that either MRC or IRC type of a baseline receiver would be suited for the first set of E-UTRA UE demodulation performance requirements. 
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