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1. Introduction

Several RRM-related requirements in TS 36.133 [6], particularly those in Section 9, are based on constant energy per resource element (EPRE) for Io (signal and interference) across the system bandwidth. Moreover, the requirements involve more than the serving cell, meaning that measurements are to be performed on cells where the UE under test has no allocations. In order to successfully define tests for such requirements, full cell load of virtual UEs by means of OCNG (OFDMA Channel Noise Generator), is proposed. The background has already been presented in [1].

In this document we propose an OCNG pattern for 10 MHz cells to be included in TS 36.133. The pattern is specified for three cases: FDD, TDD with 5ms switching-point periodicity, and TDD with 10ms switching-point periodicity. It is based on that the UE under test has all of its allocations in the central 24 physical resource blocks (PRB), and the outer 26 PRBs are filled with OCNG. The pattern may serve as template for future OCNG patterns involving e.g. balancing of power in either domain in case of boosting of RS or control channels.

A background on power allocation, resource allocation, and resource elements available for PDSCH allocation for FDD and TDD, respectively, is provided in Section 2. The OCNG pattern, specified for each of the aforementioned duplex cases, is provided in Section 3. A summary is provided in Section 4.  

2. Background
2.1
Power allocation
The power allocation for downlink EUTRA is determined by eNB on a resource element basis, with the following restrictions as specified in TS 36.213 [2]:

· Downlink reference symbols (RS) should have constant EPRE across the system bandwidth and for all sub-frames until information on change in RS power setting is signaled.

· For each UE, the PDSCH-to-RS EPRE ratio for 

· REs in OFDM symbols carrying RS is constant and denoted by
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· REs in OFDM symbols not carrying RS is constant and denoted by
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· The ratio 
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 is cell-specific and should not vary in resource allocations for different UEs.  
From Table 5.2-1 in [2] we have that the following cell-specific ratios
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 are allowed for PDSCH:
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For each UE, there is a degree of freedom in the general level of 
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, hence of the PDSCH EPRE , as long as 
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 is maintained for all PDSCH allocations in the cell. Suppose we fixate the ratios 
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, which fulfill the condition
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. Then we can express the power allocation of an individual UE as
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Where:  
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 is a power scaling factor. 
The factor 
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 thus allows OCNG power to be defined in a relative manner just as for OCNS in WCDMA [5]. In test cases, an OCNG pattern may be given together with OCNG_RA (
[image: image16.wmf]A

r

¢

) and OCNG_RB (
[image: image17.wmf]B

r

¢

), or alternatively, OCNG_RA (
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2.2
Resource allocation
Dedicated transmissions on PDSCH are allocated with a granularity of virtual resource block pairs, i.e., the UE is allocated a minimum of 
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subcarriers for a whole subframe as defined in TS 36.211 [4]. This means that for a particular UE, 
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 should be constant over a sub-frame.
2.2.1 Available resource blocks in FDD
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Figure 1: Available resource blocks for FDD, normal CP, DL system BW > 10 RBs.

From [4] we have that for FDD and cells with
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, the initial 1-3 OFDM symbols in each subframe are fully occupied by PDCCH, PHICH, and PCFICH. The exact number of OFDM symbols used for such control information is dynamic and signaled on PCFICH on a subframe-to-subframe basis.

In the second slot of subframe 0, the initial 4 OFDM symbols are carrying the PBCH on the central 
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 subcarriers. 
In the second slots of subframes 0 and 5, the last two OFDM symbols are carrying the synchronization signals on the central 
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 subcarriers.
Thus, for FDD, there are two special cases to consider regarding PDSCH allocations: Subframe 0 carrying PBCH and synchronization signals, and subframe 5 carrying synchronization signals, see Figure 1.
2.2.2
Available resource blocks in TDD
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Figure 2: Available resource blocks for TDD, normal CP, DL system BW > 10 RBs, 5ms switching-point periodicity. Subframes 1 and 6 are special subframes and the exact number of DL resource elements depends on configuration.

Switching-point periodicity of 5 ms:
In case of 5 ms downlink-to-uplink switch-point periodicity, the special subframe (i.e. with fields DwPTS, GP and UpPTS) exists in both half-frames.
From TS 36.211 [4] we have that for TDD and cells with 
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 the initial 1–3 OFDM symbols of all subframes but 1 and 6 are fully occupied by PDCCH, PHICH, and PCFICH. For the special subframes 1 and 6, the initial 1–2 OFDM symbols are fully occupied. The exact number of OFDM symbols used for this purpose is dynamic and signaled on PCFICH on a subframe-to-subframe basis. 
In the second slot of subframe 0, the initial 4 OFDM symbols are carrying the PBCH on the central 
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 subcarriers.

Furthermore, in the second slot of subframes 0 and 5, the last OFDM symbol is carrying the synchronization signals on the central 
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 subcarriers. The primary synchronization signal is carried on the 
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 subcarriers in the third OFDM symbol of subframes 1 and 6.  

Subframes 2 and 7 are always reserved for UL transmission.
Depending on UL/DL subframe allocation, some subframes may not be available for DL transmissions, Table 4.2-2 of [4]. Moreover, the number of available REs to use for DL transmissions in the special subframes 1 and 6 differ depending on the Special subframe configuration, Table 4.2-1 of [4].

Thus, for TDD, there are three special cases to consider regarding PDSCH allocations: Subframe 0 carrying PBCH and the secondary synchronization signal, subframe 5 carrying Synchronization signals, and the special subframes 1 and 6, see Figure 2.

Switching-point periodicity of 10 ms:
In case of 10 ms downlink-to-uplink switch-point periodicity, the special subframe (i.e. with fields DwPTS, GP and UpPTS) exists in the first half-frame only.
This is essentially the same as for switching-point periodicity of 5 ms, but with the difference that only subframe 1 is a special subframe. Subframe 6 still carry the primary synchronization signal in its third OFDM symbol, thus the number of OFDM symbols used for PDCCH, PHICH and PCFICH still is 1 or 2, Table 6.7-1 of [4].
Subframe 2 is always reserved for UL transmission.
3. OCNG patterns for single DLTX antenna, 10 MHz bandwidth
We propose that OCNG is specified with a granularity of a PRB and associated power scaling factor
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. This caters for full flexibility in the power allocation in case e.g. balancing of power in the time domain (subframe basis), frequency domain (PRBs), or both, is desired.

To simplify the setup, we propose that the UE under test is allocated the central 24 PRBs, and that remaining outer 26 PRBs are filled by virtual UEs by means of an OCNG pattern.

For RRM test cases, we assume that there is no boosting of RS or control channels, and furthermore, that the EPRE is constant across the DL system bandwidth. Hence all OCNG users are given the same power allocation. Anyway, to provide a complete set of patterns that may serve as a template and be be modified for future, more intricate, patterns the following are proposed for cells with 10 MHz channel bandwidth:

· OCNG FDD Pattern 1 (outer allocation of OCNG)
· OCNG TDD 5 ms Pattern 1 (outer allocation of OCNG, cell with 5 ms switching-point periodicity)

· OCNG TDD 10 ms Pattern 1 (outer allocation of OCNG, cell with 10 ms switching-point periodicity)   
It should be noted that if boosting of e.g. control channels is applied, and the power is balanced using OCNG patterns, then it becomes important to have separate power scaling factors 
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 depending on whether the control region (PDCCH, PHICH and PCFICH) covers 1, 2, or 3 OFDM symbols. Furthermore, it becomes important whether a normal or extended cyclic prefix is used. This has been accounted for in all tables for FDD and TDD (‘CP length’ and ‘Control region OFDM symbols’). Furthermore, in case of TDD, the switching-point periodicity and the special subframe configuration have an impact on the power levels and therefore have to be specified separately (separate tables and companion tables).
3.1 OCNG for FDD and 10 MHz BW, Outer allocation

Table 1: OCNG FDD Pattern 1.
	Allocation
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	Note 1: Each PRB is assigned to an individual virtual UE. The data for each virtual UE shall be uncorrelated with data from other virtual UEs over the period of any measurement. The data shall be QPSK modulated. The parameter
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is used to scale the power of PDSCH.
Note 2: The control region consists of PCFICH, PHICH and PDCCH. Number of OFDM symbols belonging to the control region may vary between subframes.

N: Normal

E: Extended


3.2 OCNG for TDD and 10 MHz BW, 5 ms switching periodicity, Outer allocation

Table 2: OCNG TDD 5ms Pattern 1.

	Allocation
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	Table 3
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	Note 1: Each PRB is assigned to an individual virtual UE. The data for each virtual UE shall be uncorrelated with data from other virtual UEs over the period of any measurement. The data shall be QPSK modulated. The parameter
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is used to scale the power of PDSCH.
Note 2: Subframes available for DL transmission are depending on the Uplink-Downlink configuration, Table 4.2-2 [4].
Note 3: The control region consists of PCFICH, PHICH and PDCCH. Number of OFDM symbols belonging to the control region may vary between subframes. 
N: Normal

E: Extended


Table 3: OCNG TDD 5ms Pattern 1 for Special subframe configuration.

	Allocation
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3.3 OCNG for TDD and 10 MHz BW, 10 ms switching periodicity, Outer allocation
Table 4: OCNG TDD 10ms Pattern 1.
	Allocation
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	Note 1: Each PRB is assigned to an individual virtual UE. The data for each virtual UE shall be uncorrelated with data from other virtual UEs over the period of any measurement. The data shall be QPSK modulated. The parameter
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is used to scale the power of PDSCH.
Note 2: Subframes available for DL transmission are depending on the Uplink-Downlink configuration, Table 4.2-2 [4].
Note 3: The control region consists of PCFICH, PHICH and PDCCH. Number of OFDM symbols belonging to the control region may vary between subframes.

N: Normal

E: Extended


Table 5: OCNG TDD 10ms Pattern 1 for Special subframe configuration.

	Allocation
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4. Summary
An OCNG pattern for RRM-related test cases has been proposed for inclusion in TS 36.133. Furthermore, a template for future, more intricate, OCNG patterns has been defined. The format of the OCNG tables is such that they are easily adapted to scenarios where the power allocation is to be tailored in time, frequency, or both. 
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