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1. Introduction
Several papers have touched upon the possible content of LTE UE demodulation requirements in previous meetings [1]-[7]. These have for example discussed the aspects of different possible MCS, handling different bandwidth options and transmission schemes in addition of different physical channels. 
In RAN plenary meeting #37 the role of RAN4 requirement work in context of work item completion was discussed [8], considering possibility to split RAN4 requirement work in two parts. The exact framework of this is still to discussed and agreed in RAN#4. However, this initiative would imply that some care needs to be taken to ensure that proper requirement regime can be developed in an efficient manner.
In RAN4 meeting #44 it was ideal simulation results were presented, summarised in [9]. During the discussion held in RAN4#44 it was agreed to make further alignment simulations for RAN4 meeting #44bis. The discussed assumptions were summarised in [11]. This agreed set of simulations covers rather wide range of different channel models, intended mostly for simulation alignment purposes. Also in Annex B.2.2.3 of 36.803 as preliminary combination of channel model parameters. Please note that this does not yet cover the aspect of correlation matrixes.
Table 1. Combination of channel model parameters

	Delay spread
	Doppler frequency
	Model
	Comment

	[Low]
	[Low]
	[EPA 5Hz]
	[Low delay spread model representing small cell and indoor cases.]

	[Medium]
	[Low]
	[EVA 5Hz]
	

	[Medium]
	[Medium]
	[EVA 70Hz]
	

	[High]
	[Medium]
	[ETU 70Hz]
	[Represents high delay spread environments, with a delay span of the same order as the cyclic prefix.]

	TBD
	[High]
	TBD
	[A high speed channel model is for further study.]


The aim of options given in Table 1was to limit the possible number of combinations to a sensible number and thereby enable the work to be progressed in efficient manner. This table has been formulated in a rather similar manner as the HSDPA requirements have been derived i.e. by trying to cover most typical deployment scenarios. The high speed scenario was left open, but the proposal given in [13] was found in principle as acceptable way forward. However as noted in indicative listing of the required tasks and timeline of the work in [14], it would seem highly desirable to be able to focus on the most elementary requirements thereby facilitating the timely completion of the work.

In this contribution we try to formulate a structured way forward by identifying the requirements that need to be developed and how these can complement each other.

2. Different aspects to be covered by the demodulation requirements
Demodulation performance requirements, as the name implies, aim to verify that the receiver is able to meet set performance metric, being it throughput or BLER, in given conditions, Thus checking that receiver is  having an acceptable level of performance. Apart from verifying the functional performance of the (terminal) receiver, demodulation performance requirements can be seen also verifying the functionality or performance of certain feature, by ensuring that the features introduced to specification are able to meet the expectations and provide claimed benefits in agreed conditions. In this section we consider these aspects shortly and try to combine them.
Performance of the features
Demodulation performance aspects within the supported functionality or feature set are generally related to the selected conditions where they are verified. The amount of selected conditions usually turns out to be as multiplication coefficient for the functionalities to be verified leading to large number of different test cases. This is especially true if the approach is to select variety of the possible deployment scenarios to work as a basis of requirement scenarios. Therefore it would seem attractive to select the conditions in amore deterministic manner allowing extensive requirement regime be created with fewer number of test cases
Features for which demodulation requirements can be considered to be needed:

- Support set of modulation schemes

- HARQ (and Turbo decoder) operation 

- Transmission schemes (1TX and 2TX with precoding options)
In context of demodulation requirements these can be covered by defining MCS and scenarios accounting the different options. These aspects have been discussed in earlier contributions in relation of PDSCH [5]
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[6] and other physical channels including precoding options [7] and already accounted partly in already agreed assumptions thus are not covered in full extend here.  Probably the one main point that could be emphasized that the requirements are not created needlessly, i.e. creating such cases which duplicate the requirement already covered by some other test.
.  
Receivers functional performance

In addition to the features determined to be supported by specifications of other working groups, the requirement scenarios set also criteria’s for the receiver functionalities through the minimum performance.  Considering this, the selection of the conditions where the receiver performance is tested could be done in a more deterministic manner achieving extensive requirement regime with fewer test cases and ensuring proper behavior in practical deployment conditions. This relates to the number of different propagation conditions used in performance verification. 

From the demodulation performance point of view a carefully designed channel estimation algorithm is crucial. Therefore looking the demodulation performance with different Doppler frequencies that could be encountered in different mobility scenarios seems justified. Propagation profile perspective more demanding requirements for the channel estimation are also encountered in a highly frequency-selective channel. This also relates to other aspects of detection and demodulation. If the performance of the UE receiver is considered acceptable in a highly frequency-selective channel, it will also be acceptable in a more frequency flat channel. Consequently, in order to achieve extensive requirement regime and reduce the amount of testing, for example EPA profile could be excluded from the set, and test only with EVA or ETU. Furthermore, as the characteristics of EVA and ETU model are quite similar the performance in these channels is comparable. Therefore testing the same case in both channels is unnecessary. ETU model, however, can be considered to be  more suitable for performance testing due to its higher frequency-selectivity.  It should also be noted that due to the inherent differences in physical layer processing between LTE and WCDMA the significance of different propagation profiles is reduced from the demodulation performance requirements perspective.
Thus combining the different aspects considered when defining the requirement scenarios could be given as:
1. Focus the verification to one propagation profile for each mobility scenario (5Hz, 70Hz and [300Hz])

· Select relevant models that cover the desired aspects from receiver perspective
· A of set [EVA/ETU]5Hz, ETU70Hz and ETU[300Hz] is proposed for most cases
· EPA5Hz could be considered for certain cases, for example with transmit diversity

· Same case should not be duplicated in multiple profiles unnecessarily 

2. Choose limited set of MCS covering different code rates and supported modulation set

· QPSK 1/3-rate, 16QAM ½-rate, 64QAM 5/6-rate
3. Limit the verification different combinations of precoding and physical channel options similarly as proposed in [7]
· Precoding for spatial multiplexing covered with PDSCH 

· Precoding for transmit diversity covered by PDCCH

· Rest of the physical channels with single transmit antenna

· Alternatively these could be tested only with transmit diversity if applicable
4. Focus majority of the verification to single bandwidth option 

· For example 10MHz as proposed in [5] 

5. When possible benefit from the synergy of the general structure of downlink physical channels

· Avoid duplicate verification of basically same functionality
3. Tentative combination of requirements 

Considering the discussion given in Section 2 and also in earlier contributions possible method of dividing the demodulation requirements for different physical channels can be constructed. The tentative set given aims to ensure sufficient regime of requirements while trying to keep the number of scenarios low.  Even though the purpose of this is to give somewhat holistic view of the all requirement scenarios, it should be noted that this list is not exhaustive. Aspects related for example to multiuser MIMO are not covered, nor the requirements related to CQI reporting. Furthermore the handling of different UE classes needs to be considered once details related to those are agreed. Note also that this is only from the perspective of FDD and may need to be duplicated and/or extended to cover the TDD.
-------------------------------------------------------------------------------------------
PDSCH:

· Focused verification on single bandwidth option [10MHz]

· Three MCS (QPSK 1/3-rate, 16QAM ½-rate, 64QAM 5/6-rate)

· Note that all MCS may not need to be covered with all channel models

· Three channel models (delay profile and Doppler frequency) ([EVA/ETU]5Hz, ETU70Hz and [ETU300Hz])) for single transmit antenna scenarios

· One profile with selected correlation matrices

· High speed train scenario [13] with single MCS 

· Spatial multiplexing precoding with single channel model with [one] selected MCS

· With low and high correlation 

· With and without CDD

· With 2TX and 4 TX

· Other bandwidth options

· At least single channel model and single MCS 

· Minimum number of requirements scenarios: [21]

PDCCH/PCFICH:

· Covered jointly in same scenario (PDCCH/PCFICH)

· Focused verification on single bandwidth option [10MHz]

· Mainly one payload (highest number of CCEs)
· One or two channel models (low and high velocity)

· Transmit diversity precoding with single channel model with one selected payload

· With 2TX and 4TX

· Need for verification with other bandwidth options is FFS

· Minimum number of requirements scenarios: [4]

PMCH/PBCH/PHICH

· Separate requirement for each physical channel

· Focused verification for single bandwidth option [10MHz]

· Single channel model

· Single MCS

· PMCH only with extended cyclic prefix
· Single transmit antenna or transmit diversity only
· Minimum number of requirements scenarios: [3]

-------------------------------------------------------------------------------------------
Counting these options together the initial estimate for the the number of different requirement scenarios is 28. The actual number of test points could be higher depending on the selected approach. It should be also noted that by increasing the amount of MCS or channel models to be verified this can be easily increased to significantly higher numbers.
4. Conclusions

In this contribution we have discussed the general approach of developing the demodulation requirements for LTE UE. Acknowledging the extent of the work needed to finalize all required aspects it would seem that considering focusing the requirements in a deterministic manner would be beneficial. We propose that the full extent of different cases are considered jointly and attempt is made to agree a framework for the demodulation requirements so that the work could be progressed in  a efficient manner.  Based on a pragmatic approach we have tried to formulate a generic proposal for the framework for the LTE UE demodulation requirements.  
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