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1. Introduction
In the RAN4 meeting #42, different contributions discussing the different aspects related to E-UTRA UE demodulation performance were presented [1]-[7]. In the requirement outline [7] the approach of splitting the demodulation requirements and requirements related to CQI reporting to separate cases was proposed.  In this contribution we focus on the receiver demodulation performance aspects. Requirement aspects related to CQI reporting are covered in [8]. 

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, but certain aspects can be considered as general.
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.  

The following DL physical channels (excluding MBMS related channels) have been agreed in RAN1:

· Physical Downlink Shared Channel (PDSCH)
· Physical Downlink Control Channel (PDCCH)
· Common Control Physical Channel  (CCPCH)
Additionally the following unicast related transport channels have been agreed
· Downlink shared channel (DL-SCH)
· Broadcast channel (BCH)
· Paging channel (PCH)
As discussed in [7] it is felt that similarly 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. As noted the approach chosen is to separate demodulation requirements to the case where no channel quality feedback (CQI) is utilized in order to simplify the demodulation requirements. 
In context of this document we mainly focus on the DL-SCH(/PDSCH) related aspects as it is felt that this would create a good basis for BCH and PCH verification. As the HARQ operation can be seen to be a crucial part of packet switched operation on downlink shared channel it should be accounted in requirements. Therefore it would also seem attractive to define the requirements for PDSCH in terms of achieved throughput. Furthermore separate requirements for PDCCH could be considered once the details have been stabilized in other working groups. 
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. 

In the first phase the work could be started by defining requirements for 1Tx transmission schemes 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 it might be preferable to keep the requirement scenarios simpler by assuming white noise as interferer, MRC could be used as a baseline receiver.
2.1 Scenario related parameters
In order to initiate the practical work towards defining requirements, certain basic assumptions and used terminology should be agreed. Hence the corresponding definitions related to characterization of the requirement scenario should be established similarly as for WCDMA/HSDPA accounting the changes due to OFDM approach. 
The main parameters used in WCDMA/HSDPA used to determine the simulation and requirement scenarios were geometry, Îor/Ioc, determining the ratio of received signal and noise, and also Ec/Ior of different channels giving the portion of those channels of the total transmitted power. Since in LTE the users and different channels are separated in frequency and time domain, the definition can be somewhat simplified. The definition of the signal-to-interference-and-noise -ratio (SINR) of a sub-carrier at (each) receiver antenna port could be seen to constitute most required information. To furthermore simplify without loss of generality  the average signal, noise (and interference) powers could be assumed to be constant across all the data carrying sub-carriers. The power of the reference signals could be boosted to aid channel estimation. Thus the assumed pilot power boosting factor or the pilot/data ratio should be also determined for the assumptions. Naturally the cyclic prefix length assumed should be noted, but as we are in the first phase most likely interested in unicast services a normal cyclic prefix could be used.

2.2 Modulation and coding schemes in combination with resource block allocation
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. In order to verify the UE demodulation performance for each of these, different MCS definitions should be determined. In Table 1 we give a high level description of a few possible MCS definitions. In addition the modulation and coding rate the number of allocated resource blocks will determine the used transport block size. In Table 1 below different resource block allocations are considered with corresponding (illustrative) transport block sizes. 
Furthermore as HARQ operation is supported in E-UTRA, parameters and assumptions related to it should be agreed also to have complete definitions. Unfortunately the aspect related to this are still under discussion in RAN1.

As it is expected that there would be several different UE capability classes for supported maximum data rates, it is likely that at least in some of the requirements scenarios with the wider bandwidth options all of the resource blocks would not be continuously allocated to the UE. Therefore defining multiple options in terms of assumed resource blocks could be useful to enable the testing combinations of higher order modulation and wider reception-bandwidth. 
Furthermore as shown in Table 1 the number of different MCS and PRB combinations when covering equally all possible reception-bandwidth options, comes quite large, it would seem beneficial to seek some means to limit the number of tested combinations. It could be envisioned that for the different reception-bandwidth options different MCS definitions could be selected, and that varying number of resource blocks would be used for the different reception-bandwidth options. As an example such selection is shown in Table 1 with highlight. I.e. all modulations would not be always tested with the maximum reception-bandwidth. 
In case where the number of allocated resource blocks would be limited below the full possible allocation due to supported maximum data rate or by selection of MCS/PRB definitions, it could be seen beneficial still to verify the demodulation performance over the whole reception-bandwidth. This could be obtained by changing the allocated PRB’s dynamically over the time. This could be seen to imitate the frequency domain scheduling, though from test simplicity point of view the PRB allocation could be set to be random function. This approach could also be applied in the case when number of different MCS/PRB combinations would be limited by selecting only to few, i.e.,  assigning lower order modulation with fewer number of PRB’s. This way the full and partial reception-bandwidth allocation could be verified for all expect the minimum bandwidth.  
Table 1. Illustration of possible reference MCS/PRB definitions.
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#1 QPSK 1/3 480 960 2000 4000 6000 8000

#2 QPSK 1/2 720 1440 3000 6000 9000 12000

#3 16QAM 1/2 1440 2880 6000 12000 18000 24000

#4 16QAM 3/4 2160 4320 9000 18000 27000 36000

#5 64QAM 3/4 3240 6480 13500 27000 40500 54000

#6 64QAM 5/6 3600 7200 15000 30000 45000 60000
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Note: This is an example only
As discussed the used set of MCS and PRB allocations can be selected in many ways. However it would be useful to determine MCS definitions assuming different reception-bandwidth. In this context it would be also useful to discuss the relation of the minimum supported reception-bandwidth and supported frequency bands.  E.g. should such UE’s which only supports frequency variant(s) where the maximum 20MHz bandwidth allocation is not possible, be able to support base band demodulation performance requirements etc defined for reception-bandwidth of 20MHz. 
2.3 Other channels

In order to enable the control of the test and also to correspond to normal operation conditions other channels should be defined. Furthermore for the discussed case when the full available bandwidth is not allocated for UE of interest, the transmitted signal from the non-allocated PRB’s should also be considered. 

The number of OFDM symbols that is reserved for the PDCCH can vary between 1 and 3. As it influences the maximum size of the transport block, we propose that a some fixed number of symbols (e.g. two) would be reserved for the PDCCH. Furthermore as the details related to PDCCH are still open in RAN1 and also to simplify the initial scenarios, PDCCH could be assumed to be received error free. The presence of BCH/CCPCH and possibly PCH could be envisioned for certain sub-frames. However as the main interest in initial simulations is the PDSCCH, these channels could be omitted. Since the power of the CCPCH can be different from the power of the shared channel, which impedes the definition of the SINR, it would seem possible to initiate work only evaluating those sub-frames that do not contain the CCPCH channel. For the final definitions these should of course accounted in full detail.
As it is considered that all the PRB’s might not be allocated to the UE of interest in certain scenarios, the transmission on these sub-carriers should be defined. The modeling of other channels is not as critical in an OFDM system as in e.g. a WCDMA system, because the interference from other channels has only a marginal impact on the results especially at low velocities where the inter-carrier interference is minimal. It could be however considered to assume fully loaded scenario where continuous transmission would occur also on the non-allocated PRB’s. This transmission could be modeled as random symbols drawn from the same constellation that is used for the UE of interest. The power of the filler symbols measured per sub-carrier should be the same as the power of the symbols of the UE of interest. 
3. Conclusions
In this contribution we have continued the discussion on E-UTRA UE receiver demodulation performance requirements for unicast services. We have identified certain areas that should be considered when starting to determine the requirement scenarios. For most parts these issues would not differ from the work earlier carried out in RAN4.
· Determination of basic link assumptions and terminology.
· Similarly as in earlier work, certain parameters would need to be defined to enable common assumptions.
· Also the reference receiver to be used for the ideal simulations should be agreed.
· MCS definitions and allocation of PRBs.
· MCSs and PRB allocation should be considered jointly.
· Possibilities to limit the required testing time while maintaining extensive requirements.

· Different frequency variants impact to the required supported reception-bandwidths and corresponding other requirements like demodulation requirements should be discussed.
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