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1. Introduction

Transmitter requirements for E-UTRA BS are defined in TS 36.104 [1] and corresponding test requirements in TS 36.141[2]. This document discusses the way forward with needed test models for transmitter tests in E-UTRA.  
2. Discussion

2.1 Summary of UTRA TMs
In UTRA specification six different TMs have been specified to stress the certain transmitter characteristics. The set-up of physical channels for transmitter tests is defined according to one of the test models below.
· TM1

-
occupied bandwidth

-
spectrum emission mask

-
ACLR

-
spurious emissions

-
transmit intermodulation

-
base station maximum output power

-
Total power dynamic range (at Pmax)

-
Frequency error (at Pmax)

-
Error Vector Magnitude (at Pmax)

-
IPDL time mask
· TM2

-
output power dynamics.

-
CPICH power accuracy 
· TM3

-
peak code domain error
· TM4

-
EVM measurement

-
Total power dynamic range

-
Frequency error
· TM5

-
EVM for base stations supporting HS-PDSCH transmission using 16QAM modulation (at Pmax)
· TM6

- 
Relative CDE for base stations supporting HS-PDSCH transmission using 64QAM modulation
The following observations can be made from the list:

· Following aspects from the TM approach in UTRA are also considered suitable for E-UTRA:
· Selection of physical channels with certain power offsets obtained from system analysis/simulations
· Population of information fields with PN dummy traffic, full encoding / interleaving schemes not included / needed for RF testing
· Not the absolute worst case signals are used, but reasonably challenging signals representative for real life operating conditions. Includes all relevant challenges to the TX (PAPR, power dynamics) and certain aspects have been selected to create a more challenging signal
· For TX-diversity or MIMO, the same TM is used for multiple TX ports separately, with the other one(s) terminated. Unless otherwise stated, the requirements are unchanged.
· There is scope for reducing number of TMs in E-UTRA:
· TM2 for inner lop PC steps not needed
· TM3 for PCDE not needed as we have in E-UTRA single measure for modulation accuracy (EVM)

· TM5, TM6 were successively introduced for testing EVM of HOM (in addition to TM1 for QPSK) => there is scope for combining these TMs into a single TM carrying all modulation methods
· No need foreseen to have variants of the TMs for different # of active channels / nodeB HW capacity (like different # of HS-DPCCH code allocations)
2.2 Setup of TMs

During UTRA specification work the optional “blackbox” test set-up procedure was proposed as e.g. discussed in [4]. It was proposed to have a possibility to test the Node B as a whole entity by using standardised means of setting up test models using the Iub interface and to provide the data via NBAP, ALCAP and user plane commands. The procedure was seen applicable for TMs 1 to 4 but less so for TM5 because of the specific HSDPA functional architecture (The RNC does not control HSDPA scheduling and transmission). Reference [5] concluded that proposed setup procedure is a valid method for Node B performance testing and does not yield in a relaxation with respect to RF performance. RAN4#30 concluded the same but clarified that conformance testing and testing for regulatory reasons still needs to be performed according to the test models in TS25.141 and testing over Iub was not standardised.
With LTE being far closer in operation to the HSPA / TM5&6, the advantages of "Testing over IuB" approach are likely not to materialize. This may have been perhaps an attractive approach for a “dumb” BS being nothing more than radio modem of data stream coming from RNC, as e.g. most of Rel99 DPDCH channels. However, now in LTE there is larger amount of RNC functionalities included in BS and lot of SW functionalities are needed to generate all physical channels like PDCCH, PHICH, PCFICH etc. All of them would be needed to be forced into some test mode by O&M SW and generate their dummy traffic data. A lot of MAC/ PHY layer parameters need to be defined with a similar manner as fixed reference measurement channels in Annex A today, so the specification work would require quite a lot of effort. 
From testing point of view it is preferable to have TMs as it would make RF testing arrangements easier allowing e.g. the possibility for testing in very early phase of the product. Our proposal is that 3GPP should just define basic TMs and testing implementation should be left for vendors to decide. 
2.3 TMs for E-UTRA 

2.3.1 How many TMs are needed? 
Given the large amount of E-UTRA BW options, the # of TMs should be minimized in order to keep testing times reasonable. Based on above review we consider 2 TMs for E-UTRA:
TM1: max power TM used for most tests, contains all modulation schemes and relevant RE power dynamics. Use of RE power dynamics may make fulfilment of essential TX requirements harder (e.g. unwanted emissions) and should therefore be included in such tests rather than a flat EPRE allocation. Regulatory requirements should be fulfilled with max power.
TM2: low power TM used for testing Total power dynamic range at the specified minimum RE allocation via an EVM test. TM2 models a single scheduled UE and transmits a single 64QAM modulated PRB.
Mapping of the TMs to the TX tests is considered as follows:

TM1:
· BS output power
· RS accuracy (requirement in TS36.104 is currently TBD)
· Output power dynamics

· Power control dynamic range (average RE EPRE at max power, upper and lower limits for the RE power control dynamic range)
· Total power dynamic range (upper OFDM symbol power limit at max power) 

· Transmitted signal quality

· Frequency error (max power) 

· EVM for all modulation schemes (max power)

· Unwanted emissions

· Occupied bandwidth
· ACLR
· Operating band unwanted emissions (SEM)
· Transmitter spurious emissions
· Transmitter intermodulation
TM2:
· Total power dynamic range (lower OFDM symbol power limit at min power) 

· EVM of the 1-PRB allocation (min power)

· Frequency error (min power) 
It should be investigated if the test for the Power control dynamic range can be removed as the EVM test will implicitly test for any deviation from the ideal TX signal which may also feature RE power boosting/deboosting. Hence, an EVM test with TM1 may effectively test at the same time the up/down Power control dynamic range.
On the other hand it would need to be discussed if and how the averaging in the EVM definition should be applied when RBs of the same modulation methods are boosted as well as deboosted – this aspect has so far not been discussed in the context of EVM definition.
2.3.2 General parameters of the TMs

Following general parameters are proposed for TM1 and TM2 (see TS 36.211 [3] for the terms):

· TX signals are defined for single antenna port (1-TX, p = 0): 1 code word, 1 layer, no precoding. TX requirements shall be tested separately for each antenna port.
· Duration of 10 subframes (10 ms), required for EVM averaging
· Short CP
· Virtual resource blocks of localized type

· No UE-specific reference signals
TM1 and TM2 need to be defined for each Transmission bandwidth configuration.
2.3.3 Which Physical channels shall be included in the TMs?

Included Physical channels for TM1:

-
Physical Downlink Shared Channel, PDSCH, carrying data from multiple scheduled UEs, shall contain all modulation schemes and the relevant up/down PRB power dynamics specified for the modulation scheme
-
Physical Control Format Indicator Channel, PCFICH 
-
Physical Downlink Control Channel, PDCCH, multiple PDCCHs allocated carrying dummy (PN) Downlink Control Information (DCI), includes relevant up/down power dynamics on the respective CCEs
-
Physical Hybrid ARQ Indicator Channel, PHICH and PHICH group, one or more allocated PHICH groups carrying PHICH with dummy ACK/NACK info
-
Physical Broadcast Channel, PBCH, present only in subframe 0, will somewhat complicate definition of the TMs but may be required for signal synchronisation purposes, feedback from TE vendors is appreciated 
Not included Physical channels:

· Physical Multicast Channel, PMCH
Included Physical signals:

-
Reference signal, no boosting assumed (for 1-TX)
-
Synchronization signal, present only in subframes 0 and 5, will somewhat complicate definition of the TMs, assumed to be required for signal synchronisation purposes e.g. in EVM sample time estimation.
The reference-signal sequence can be defined according to TS36.211 [3] with suitable parameterisation, similarly for the generation of primary/secondary synchronization sequences.
All information fields of the Physical channels shall be populated by appropriate PN data. 

TM2 carries the same set of Physical channels, however, TM2 is dimensioned for a single scheduled UE and features the allocation of a single, e.g. 64QAM modulated PRB.
2.3.4 Further Assumptions for the TMs

Detailed development of the TMs requires a number of further assumptions to be made; a few aspects are listed here:

· # of scheduled UEs: this will effect amount of needed control channel resources and the statistics of the up/down power control dynamics. As a starting point, we consider 6 ... 8 scheduled UEs for 10 MHz E-UTRA BW, to be appropriately scaled for the other E-UTRA channel BW options.
· Distribution of the PDSCH PRBs among the modulation schemes (QPSK, 16QAM, 64QAM), effects EVM averaging properties and setting of up/down power dynamics
· how to obtain the RE up/down power dynamics in TM1, this could be done by re-distributing the EPREs or alternatively, by not allocating some REs in the first place

· Modelling of UL activity: even though TMs represent DL signals, some assumptions regarding the UL activity need to be made as this affects the needed resource element groups (REGs) for PDCCH and PHICH

· As the TMs shall have 10 ms duration, one can consider changing the PDSCH RB allocation to UEs from sub-frame to subframe (or even the # of scheduled UEs). This may enhance test coverage, e.g. 64QAM EVM would be tested across wider range of PRB locations within the Transmission bandwidth configuration. And it would provide more samples of RE up/down power dynamics to be tested for the unwanted emission tests.
Given the changing RE allocations and power dynamics from symbol-to-symbol as well as between subframes (TTIs), the RMS averaging length to be used in the unwanted emission (ACLR, SEM, …) and for the spurious emission tests should be clarified.
2.3.5 How to define the control channels for the TMs?

Inclusion of the E-UTRA control channel structure considered to be more challenging than in UTRA, therefore we expect large part of the work for TM definition will fall into this area. Possible shortcuts should be investigated.
Detailed mapping of the control channels to REs as defined in TS36.211 [3] depends on a number of assumptions and parameters; we list here a few aspects for further consideration:

PCFICH:
· Occupies 4 REGs which are mapped in a cell-id specific manner across the transmission bandwidth
· Need for ‘up’ power dynamics FFS
PHICH groups, PHICH:

· The amount of PHICH resources within a subframe depends on the assumed UL activity 
· 1 PHICH group occupies 3 REGs which are mapped across the transmission bandwidth in a pattern similar to PCFICH
· Upto 8 Ack/Nacks (PHICHs) can be mapped to the same PHICH group, where PHICHs within the same PHICH group are separated by I / Q and different orthogonal sequences (“sequence index” in TS36.211), this mapping depends on the UL PRB allocation
· Resulting RE powers of the PHICH group depend on the mapping of PHICHs within the I/Q / orthogonal code domain, the resulting RE modulation method is “multilevel” and not any longer QPSK.
· Need of further PHICH power dynamics is FFS

· There are some degrees of freedom in terms of how many PHICH groups are reserved and how the PHICHs are mapped to PHICH groups in order to balance the resulting RE powers of the PHICH group (“DMRS CS index” from UL grant), all details not yet finalized in RAN1 

PDCCH:

· PDCCHs carry Downlink Control Information (DCI) related to MAC specific UL/DL resource assignments,  UL PC and broadcasted control info.
· A PDCCH is transmitted as an aggregation of 1, 2, 4 or 8 control channel elements (CCE), called “PDCCH format”. eNB may choose the PDCCH format as function of e.g. DL signal quality.
· A CCE consists of 36 REs and the # of available CCE depends on transmission bandwidth and PCFICH value.
· Up/down power dynamics may be applied for the PDCCHs (needed TX power depends on DL signal quality and on PDCCH format); the resulting CCE TX power statistics should be obtained from system simulations.
· Aggregations of CCEs have a tree structure and “dummy” elements are added so that the PDCCHs occupy the whole space reserved for PDCCH transmission. 

· Quadruplets of PDCCH modulated symbols are scrambled, interleaved and are finally mapped to resource element groups (REGs) which have not been allocated to PCFICH or PHICH groups in a time/frequency pattern.
· A number of details are still open in RAN1: DCI payload sizes, CCE aggregation level for certain DCI formats, blind decoding restrictions, UE search spaces, …
All information fields of the control channels shall be populated by appropriate PN data. 

From the above it is clear that the mapping of all control channels to REGs in line with TS36.211 [3] requires quite a lot of details to be agreed. Required amount of REGs depends on the assumptions about corresponding UL activity and “perceived” DL signal quality, impacting PDCCH formats and TX power. Furthermore PHICHs may be dynamically assigned to PHICH groups for power balancing purposes. Finally, if the resource allocations are decided to vary from subframe to subframe within the 10 ms duration of the TMs, the mapping of control channels (and PDSCH) to REs would need to be repeated several times, and additionally for each E-UTRA transmission bandwidth configuration.
It should be discussed within RAN4 if all this above detail of the mapping of control channels to REGs in line with TS36.211 [3] is really required for verifying the TX performance. An alternative approach would be make assumptions about the total amount of REGs needed for the control channels, i.e. fix the number of symbols needed for control (1…3) and then treat these symbols as an aggregation of REGs without maintaining any associations to the particular control channels (PCFICH, PHICHs, PDCCHs). Appropriate up/down power dynamics would then need to be defined on a merely statistical basis obtained from system simulations together with a randomization on the RE grid.
2.3.6 Open issues

There are a couple of aspects not covered in this document which would need further investigations:
· Testing any TBD differential time delay requirements between antenna ports

· Testing TX ON/OFF, switching transients
· Re-use of the proposed TMs for TDD, HD-FDD
3. Conclusion and Decisions
This contribution discussed the need to define TMs for E-UTRA. It is concluded that TMs could be specified with the set-up of physical channels for transmitter tests. It is proposed not to specify the absolute worst case signals, but reasonably challenging signal representing real life operating conditions. Certain aspects could be selected to create TX signals with relevant challenges to the transmitter. 
Based on above discussions we consider following main points for decision:

1. The use of 2 TMs with all modulation methods and power dynamics included

a. The max power TM used for most of the tests. TM1 contains all modulation schemes and relevant RE power dynamics.

b. The low power TM used for testing Total power dynamic range at the specified minimum RE allocation via an EVM test. TM2 models a single scheduled UE and transmits a single 64QAM modulated PRB. 

2. TX signals should be defined for single antenna port with relevant physical channels reflected.
3. TM1 and TM2 need to be defined for each Transmission bandwidth configuration.

4. Control channels to be included in TMs need further study. It should be discussed within RAN4 if all detail of the mapping of control channels to REGs in line with TS36.211 [3] is really required for verifying the TX performance. An alternative approach would be to define up/down power dynamics on statistical basis obtained from system simulations together with a randomization on the RE grid.
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