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1. Introduction

Power de-rating based on occupied bandwidth is discussed.  In addition to waveform power de-rating (WPD) as indicated by Cubic Metric there is also an occupied bandwidth power de-rating (OBPD) based on bandwidth occupancy relative to a reference bandwidth (e.g. 3.84 MHz) where both must be accounted for in order to meet ACLR requirements.

2. Occupied Bandwidth Power De-Rating
Based on the current uplink numerology chosen for LTE which includes 15 kHz subcarrier spacing and BW*60 subcarriers per DFT-SOFDM symbol (where BW = 1.25, 2.5, 5.0, 10.0, 15.0, 20.0 MHz) the full BW occupancy is 90% (=(60*BW)(0.015/BW)).
For a given reference carrier BW and separation, transmissions with larger occupied BW create more out of band emissions resulting in a larger adjacent channel leakage ratio (ACLR) than transmissions with lower occupied BW (see Figure 1). The increase in out of band emissions from larger occupied BW is largely due to increased adjacent channel occupancy by 3rd and 5th order intermodulation products.  
Therefore, total power de-rating (TPD) needs to account for both an occupied bandwidth power de-rating (OBPD) and a waveform power de-rating (WPD) to meet a given ACLR requirement which can be represented by:
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Note that function f(.) can be the simple summation of OBPD and WPD such that TPD = OBPD+WPD. The WPD accounts for waveform attributes such as modulation, number of frequency or code channels, etc and is indicated by the Cubic Metric (CM) [1][2]. The additional power de-rating due to OBPD means worse cell edge coverage unless it can be mitigated.  As indicated in [2] OBPD seems to be largely dependent on the scheduled occupied bandwidth (OBW) and the reference occupied bandwidth (OBWref) and can be characterized by:
For example, a transmission with 4.5MHz occupied bandwidth centered on a 5MHz E-UTRA carrier with a fixed 5 MHz carrier separation will have a larger measured ACLR (e.g. -30.5 dBc instead of -33 dBc) with regard to the adjacent 5MHz carrier than a transmission with only 3.84MHz occupied bandwidth.  To reduce the ACLR back to -33 dBc requires a OBPD of approximately 0.77 dB (based on empirical measurements discussed in [2]) which is close to the 0.70 dB that equation 2 above would give.
The cubic metric
 (CM) characterizes the effects of the 3rd order (cubic) non-linearity of a power amplifier on a waveform of interest relative to a reference waveform in terms of the power de-rating needed to achieve the same ACLR as that achieved by the reference waveform at the PA rated maximum power level.   A UE with power class of e.g. 24 dBm can nominally support a rated maximum power level (PMAX) of 24 dBm.  In practice, the UE's current or instantaneous, or local maximum power level is limited to the operational maximum power level given by PMAX - f(OBPD ,WPD) where e.g. f() can, for example, be the simple summation of OBPD and WPD such that the operational maximum power level is PMAX – (OBPD + WPD). The difference between PMAX and the UE’s current power level after power control or after assignment of an arbitrary power level less than PMAX is called the UE’s power margin or power headroom. Note that scheduling can be used to reduce or avoid OBPD and is discussed later.
For resource allocations with the similar occupied bandwidth and location in the band as the reference channel (e.g. 3.84 MHz occupied bandwidth centered in a 5 MHz carrier) then OBPD~0 such that TPD = WPD and WPD is indicated by CM which can be characterized by the relatively simple equation with an empirically determined slope scale factor K as given by:

WPD = CM = ( rms of cubed waveform in dB – rms of cubed reference waveform in dB ) / K            (3)
For example, CM is 2.13 dB for 16QAM DFT-SOFDM waveform based on Cubic a slope factor (K) of 1.56. However, OBPD in general is nonzero and the above simple equation (3) must be modified to account for differences in occupied BW compared to the reference channel where TPD = CM’ as given by:

CM’ = OBPD + WPD                                                                                                                          (4)
As discussed, due to LTE using a larger occupied bandwidth compared to WCDMA (4.5 MHz vs. 3.84 MHz) there is a relative degradation in ACLR for LTE.  Figures 1 illustrates the extra (hashed zones) adjacent channel power leakage for LTE 4.5 MHz (red) relative to WCDMA (blue). 
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Figure 1 – Adjacent Channel power increase (2 to 3 dB) for 4.51 vs. 3.84 MHz OBW
Figure 4 and 5 show the synthesized PSDs for different occupied bandwidths for a 5 MHz LTE carrier that are band centered or are aligned with the 4.5 MHz occupied band edge.  Table 1 shows the required OBPD needed to achieve -33 dBc for the 5 MHz LTE carrier with 4.5 MHz occupied BW for the band centered and band edge cases respectively.  From Table 1 for the band centered case it is obvious that if the two or more 375 kHz band edge Resource Blocks (RBs) are not allocated then the OBPD is < 0.  For the band edge occupied case no more than three contiguous 375 kHz RBs can be allocated and still keep the OBPD <=  0.  
Table 1 – OBPD (dB) vs. BW Occupancy to meet UTRA (5MHz) ACLR for Localized Allocation
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Figure 3 shows a carrier band of 5 MHz with 4.5 MHz of allocable bandwidth in units of 375 kHz resource blocks (RBs) such that 12 RBs span the entire 4.5 MHz.  Adjacent 5 MHz carriers are on either side of the 5 MHz carrier of interest.  Figure 3 also illustrates, for successive TTIs, the resource allocations to UE1 which are centered in the allocable (4.5 MHz) band and allocations for UE2 and UE3 located at each band edge.  Out of band emissions decrease more rapidly when band edge occupancy is reduced or avoided. Therefore, reducing the size of band centered allocations as shown by UE1 means OBPD also decreases more rapidly.  If two or more RBs at the band edges are not allocated then the OBPD is < 0.  Out of band emissions (and OBPD) for allocations that include band edge RBs as shown for UE4 and UE5 decrease more slowly as the allocation is reduced compared to band centered allocations..  Not until the occupancy of a resource allocation with band edge RBs UE4 drops below 1/3 of the total allocable band does the OBPD drop below zero.  
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Figure 3 – OBPD required for different frequency allocations (375 KHz RBs)

3. OBPD Mitigation

Several possible methods of avoiding or reducing OBPD are considered:

1) Modify ACLR requirements based on coexistence studies (allow larger ACLR)
a. Empirical results indicate a ~ 3 dB relaxation in the ACLR requirement (-33 dBc to -30.5 dBc) is needed for LTE and WCDMA co-existence (4.5 MHz to 3.84 MHz) ( 0dB OBPD.
b. LTE to LTE 5 MHz co-existence  capacity/throughput simulations would be needed  if a similar ACLR relaxation is needed as the impact is balanced on both systems 

c. LTE to LTE co-existence with different OBW (e.g. 5 and 10 MHz adjacent carriers) is FFS

2) Scheduler controls leakage into adjacent and neighboring bands by:
a. Scheduling UEs that are closer to serving cell with entire band or ‘band edge’ RB allocations
i. UEs closer to serving cell have more power headroom due to power control 

ii. UEs with power headroom less likely to be limited by OBPD
iii. e.g. users with > 0.77 dB power headroom in 5 MHz carrier case

b. Scheduling UEs that are close to “cell edge” with entire band except for ‘band edge’ RBs (e.g. exclude 2 edge RBs at either side of 4.5 MHz occupied BW)
i. UEs near or at cell edge have little or no power headroom

ii. UEs with little power headroom are more likely limited by OBPD
c. Schedule ‘cell edge’ UEs at band edge with no more than 3 or 4 RBs

d. Schedule ‘closer to cell’ UEs with ‘band edge’ allocations of   > 3RBs conditioned on their power headroom.
e. Frequency diversity for UEs using a smaller Tx BW may be preserved by RB hopping over a longer time interval.

i. Signalling overhead may be reduced by using pre-determined hopping patterns, or pre-defined logical physical permutations
3) UEs use OBPD appropriate for their scheduled BW allocation (i.e. apply OBPD)
a. Operating a device at backed off power results in poor efficiency
b. LUT table (e.g. Table 1) contains OBPD map for possible time+frequency scheduler assignments

i. LUT table maybe shared between Node-B and UE

ii. Need implicit coordination method so Node-B scheduler knows UEs power level for  method 2) discussed above
c. UE may be able to trade-off negative OBPD to compensate (i.e. reduce) WPD (FFS)
4) Modify numerology (e.g. reduce subcarrier spacing) to reduce BW occupancy to 3.84 MHz

a. Reduces spectral efficiency

b. Degrades Doppler and phase SNR

4. Conclusions

Beyond power de-rating (power backoff) needed for waveform characteristics (WPD) such as modulation, additional occupied bandwidth power de-rating (OBPD) is necessary to account for changes in the occupied bandwidth used for each scheduled transmission.  
The cubic metric (CM) can be modified to account for OBPD as represented by: 
CM’ = OBPD + WPD                                                                                                                           (4)
where OBPD=0.77 dB for an occupied bandwidth of 4.5 MHz centered in  a 5 MHz LTE carrier in relation to a occupied bandwidth of 3.84 MHz centered in a 5 MHz UTRA carrier.
Several mitigation/avoidance methods were considered:
· Scheduling UEs OBW appropriately based on power headroom so OBPD is minimized or avoided

· Accept some or all of increased ACLR caused by increased OBW (~ -30.5 dBc instead of -33 dBc) given coexistence studies show this to be acceptable. In this case OBPD is zero.
· Accept some or all of the OBPD resulting in some acceptable loss of coverage and performance for LTE. 
· Modify numerology to achieve smaller OBW with resulting loss in spectral efficiency and degraded Doppler and Phase SNR and synchronization performance as well as less efficient PA operation.

· UE may be able to trade-off negative OBPD (margin) to compensate (i.e. reduce) WPD and is FFS.
Scheduling around OBPD is preferred along with some investigation of ACLR relaxation (coexistence) and some investigation into the coverage and performance impact of accepting various amounts of OBPD.
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---------------- START OF TEXT PROPOSAL FOR 25.814 --------------------------------

5.1.1 9.1.2.2
Scheduling

The uplink should allow for both scheduled (Node B controlled) access and contention-based access. 

In case of scheduled access the UE is dynamically allocated a certain frequency resource for a certain time (i.e. a time/frequency resource) for uplink data transmission. 

However, some time/frequency resources can be allocated for contention-based access. Within these time/frequency resources, UEs can transmit without first being scheduled. As a minimum, contention-based access should be used for random-access and for request-to-be-scheduled signaling
In unpaired spectrum, system capacity may be improved through the use of localised FDMA contention-based access channels. The UE may select the access channel based upon knowledge of the channel state information measured on a recent downlink sub-frame

One method of meeting ACLR requirements while minimizing power de-rating is for the Node-B scheduler to appropriately assign the occupied bandwidth (OBW) and OBW location in the carrier band for a UE’s transmission.

5.1.2 9.1.2.3
Link adaptation

5.1.3 9.1.2.4
Power control

For the uplink, transmission power control, being able to compensate for at least path loss and shadowing should be supported. The benefits and possible means for compensating also for fast (multi-path) fading should be investigated during the Study Item phase.
One method to guarantee that out of band emissions requirements such as ACLR are met is for a UE to reduce its operational maximum power level based on its occupied bandwidth (OBW) allocation and the OBW location in the carrier band.
----------------- END OF TEXT PROPOSAL FOR 25.814 ----------------------------------
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Figure 4 – Synthesized PSD for different band centered Occupied BWs
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Figure 5 – Synthesized PSD for different Band Edge occupied BW
� EMBED Equation.3  ���                                                                                   (2)





TPD = f(OBPD , WPD)                                                                                                     (1)








� CM is a good indicator of power backoff or power de-rating needed to maintain linear power amplifier operation, where ‘linear’ generally means a specified and controllable level of distortion both within the signal bandwidth generally occupied by the desired waveform, and in neighboring frequencies.
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