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1. Introduction

At the previous RAN1 meeting, the following was agreed for UL intra-cell power control:

· Aperiodic UL PSD adjustments

· For scheduled data

· PSD adjustments are included in UL scheduling grants

· For non-scheduled data (e.g. VoIP) and PUCCH 

· FFS whether/how to send updates 
However, there remain open issues including the standardized formula and rule for UE Tx PSD setting and signaling of UL PC related parameters.
In this contribution, we propose a formula and rule for UL intra-cell PC using a combined open loop and aperiodic closed loop scheme, where the formula is implemented in UE, as highlighted:
· The closed loop correction command with multiple bits (preferably 2 bits) is signaled from the eNodeB to each scheduled UE in particular UL scheduling grants (and possibly particular DL scheduling assignments) in the DL L1/L2 control channel, so that it can reduce the signaling overhead of the power correction command . 
· Which UL grants (and DL assignments) convey the correction command is a higher layer configurable parameter per UE basis, so that the UE knows in advance which UL grants to look at for the correction command, assuming that multiple control channel formats (e.g., one with a correction command and another without it) are supported in DL. But, any additional signaling to indicate a control channel format in use in a given TTI is not required. 
· In the UE Tx PSD setting, the UE first determines the open loop PSD based on a filtered pathloss estimate and then applies a power correction factor relative to the open loop PSD, in order to primarily control for open loop errors. The correction factor is derived at the UE, based on the recent received correction command(s). 
· When there is no recent correction command for the UE, there are several options for the UE PSD setting: i) relying on the open loop PSD only, ii) based on the pathloss variation between the time before the DTX and the time before resuming the UL transmission, or iii) applying a power offset relative to the most recent PSD for PUCCH, if available. 
· For non-scheduled data (e.g. VoIP), there are several options for the UE to set its TX PSD: i) relying on the open loop PSD only, ii) For the closed loop part, the eNodeB transmits UL grants in particular instants (in time) where the UL grant conveys the correction command,. or iii) applying a power offset relative to the most recent PSD (or PSD averaged over the recent updates) for PUCCH, if available.
For SRS, its Tx PSD may be biased by a power offset relative to the PUSCH Tx PSD. The power offset may be a UE-specific parameter configured by the eNodeB on a semi-static basis.       
For PUCCH, it is preferred to use different parameters and a faster update rate than for PUSCH. In addition, we prefer that the reference channel measured for correction commands for PUCCH is the control channel itself and that the correction command is conveyed in the DL scheduling. 
In order to do proper MCS and bandwidth allocation, the eNodeB needs to know the power headroom of the UE. The power headroom reporting is done by the UE via in-band signaling which is similar to in HSUPA. 
The system performance for the proposed power control scheme is presented in Section 6.
2. Power control for PUSCH
We propose a combined open and closed loop scheme for UL intra-cell PC to control the UE transmit PSD, PSDTx, (e.g. power per RB), which can be generally given by
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where 
· PSDopen represents the pathloss based (fractional) open loop transmit PSD in dBm, where the pathloss is measured at the UE, based on the DL RS whose transmit power is known at the UE.
· P0 is a cell-specific parameter (in dBm) including UL interference level etc, which is signaled by the eNodeB via higher layer signaling.
· SINRTarget is a UE (or a subset of UEs) specific parameter (in dB), allowing the eNodeB to set classes of service for the UE. SINRTarget may be adjusted through an outer loop PC at the serving eNodeB according to QoS and be a function of pathloss to the serving cell and some neighboring cells. SINRTarget can be configured by the serving eNodeB on a semi-static basis and then signaled to the UE (or subset of UEs) via higher layer signaling. 
· PL is the downlink pathloss (in dB).
· α is a cell specific pathloss compensation factor for fractional power control where 0 < α <= 1. α can be configured by the eNodeB on a semi-static basis and signaled via higher layer signaling.   
· Δclosed is a power correction (adjustment) factor in dB, which is determined based on a closed loop mechanism.
· β is a weighting factor to enable (β=1) or disable (β=0) the closed loop component, depending on the availability of the DL control channel carrying the closed loop correction command. The weighting factor is determined autonomously by the UE via detecting the presence of the PC correction command. It is assumed that the UE is informed via higher layer signaling from the eNodeB with regard to where and when the command signaling exists. For instance, in the initial UL transmission, since there may be no correct command available from the eNodeB, the UE sets β = 0.
· ΔMCS is a power offset per granted MCS. Typically, the power offsets for the individual granted MCS are known by both the UE and the eNodeB.
As mentioned in [9], since the eNodeB knows ΔMCS  in use at a given instance, it may take out the value of ΔMCS from  the received PSD when it determines a correction command by comparing a resulting received PSD (or SINR) with a target level determined by the network.  
The proposed intra-cell PC scheme in Eq. (1) is to use an absolute power correction factor compared to the open loop based PSD. From Eq. (1), the UE Tx PSD at the nth update instance can be expressed as
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where 
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 represents the (n-1)th  Tx PSD without the power offset per granted MCS, which is given by
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Since the total UE transmit power is constrained by the maximum transmit power level, denoted by Pmax, of the UE, the total UE transmit power, denoted by PTx, shall be
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where M is the number of assigned RBs.
Accordingly, the actual UE transmit PSD shall be 
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It should be noted that the UL PC formula in Eq. (4) is implemented in the UE.
Further details of the proposed scheme are described below.
2.1 Pathloss based open loop component

The UE calculates the open loop PSD as follows:
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In Eq. (5), PL is the filtered pathloss in dB, including shadowing, from the serving eNodeB to the UE. The UE continuously (or periodically) measures the instantaneous pathloss based on the DL RS whose transmit power is known at the UE. A filtering method is then applied to the pathloss measurements, such as  
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where PLk and PLk-1  represents the filtered pathloss at the k-th instance and (k-1)-th instant, respectively. 
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 is a filter coefficient, 
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, which is generally determined by the UE, possibly depending on pathloss variation, fast fading rate, the time of UL transmission, etc. Alternatively, a moving averaging method may be considered for the pathloss filtering.
2.2  Closed loop component

To compensate for open loop related errors and to maintain the quality of the power controlled channel along with the target quality, the UE needs a correction to be applied to its open loop based PSD in a form of closed loop as in Eq. (1) (or Eq. (2)). The eNodeB sends to each scheduled UE (or a sub-group of scheduled UEs) a PC correction factor using multiple command bits, such as 2 or 3 bits, in the UL grant (and possibly in the DL scheduling in DL), where the correction command is determined based on link quality like received SINR of the UL power controlled data channel (and possibly SRS, if available). For instance, assuming a set of correction factor values to be {-7, +/-5, +/-3, +/-1, 0 dB} with 3 bits, the correction factor may be determined such as
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where ESINRest and SINRTarget denote the effective SINR estimate at the receiver and target SINR, respectively, of the power controlled channel(s) in dB. [x] denotes a correction value in the correction set, which is nearest to x. The observed samples at the eNodeB for the ESINR estimation include (some of or all) SC-FDMA symbols of the UL power controlled channel(s), which have been received since the last correction command signaling in DL.   
To reduce the signaling overhead of the PC correction command, the command signaling is not required in every UL grant (and every DL scheduling, if used). Assuming that there exist multiple DL control formats, we can reduce the signaling overhead by applying the following rules:
· A correction command signaling timing is configured at the eNodeB (or on a RRC level) per UE basis and is then known at both the eNodeB and the UE via higher layer signaling.  

· When the correction command is signaled in the UL grant, assuming that UL HARQ is synchronous, the signaling timing configuration can be simplified such that the command signaling is done in particular UL grants (like the UL grant associated with a pre-defined HARQ process, say, HARQ process #1). However, even in this case it is not necessary to signal the correction commands in all the associated UL grant channels. For example, the signaling may occur in every N associated grant channel for N >= 1, which would be equivalent to one command signaling in every N HARQ cycle period. Figure 1 shows an example of the proposed PC scheme when the PC correction command is conveyed in the UL grant associated with HARQ process #1 and N is set to 2. In this example, the PC update rate is 8 msec, assuming the number of HARQ processes is 4 and the inter-TTI is equal to 1.   

· The signaling timing (or associated parameters) may be reconfigured on a semi static basis.   [image: image13.emf]HARQ 1  HARQ 3
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Figure 1. Example of the proposed scheme when the PC correction command is conveyed only in the UL grant associated with HARQ process #1 and N is set to 2.
When the UE receives one correction command from the serving eNodeB in a UL grant (or possibly accumulated correction commands in multiple UL grants) since the last Tx PSD adjustment, it shall derive a correction factor, Δclosed, from the received correction command (or after combining multiple correction commands if more than one command is received) for the next PSD adjustment. 
The UE shall then adjust the transmit PSD of the data channel according to Eq. (1) (or Eq. (2)) using the derived correction factor, the most recent open loop PSD, and a power offset associated with the granted MCS. The resulting Tx PSD shall be applied to the very beginning (first SC-FDMA symbol) of the next UL TTI for the data channel and remain constant until the next PSD adjustment, as shown in Figure 1. 
Figures 2 and 3 show some examples of the proposed PC scheme using different PC system configuration, respectively. In Figure 2, we assume a HARQ cycle period of 4 TTIs and that the correction command is signaled in the respective UL grant only associated with HARQ process #1 (N=1). In Figure 3, a HARQ cycle period of 8 TTIs is considered as an example. 
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Figure 2. Example of the proposed PC scheme when the PC correction command is conveyed in the respective UL grant only associated with HARQ process #1 and N is set to 1
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Figure 3. Example of the proposed PC scheme when the PC correction command is conveyed in the respective UL grant only associated with HARQ process #1, N is set to 1, and the inter-TTI is set to 2.
2.3  Transmit PSD setting without a recent closed loop correction command
When there is no recent closed loop correction command (for example, due to no recent scheduled UL data transmission, i.e., UL DTX), there may be several options for the UE to set its Tx PSD as follows:
· Option-1) Relying on the open loop:  in this case, the weighting factor, β, in Eq. (1) is set to zero as in the case of initial Tx PSD setting.
· Option-2) Based on the pathloss variation between the time before the DTX and the time before resuming the UL transmission: if the UL DTX is short, the UE may use Eq. (2) by setting β to zero, such that
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where n is the Tx PSD setting time before resuming the UL transmission and (n-1) is the PSD setting time before the DTX. An example of this case is shown in Figure 4.
· Option-3) Applying a power offset relative to the most recent PSD for PUCCH, if available:  even though there was no UL data transmission, there may be UL control signaling (such as CQI and ACK/NACK) for DL. In this case, since, as mentioned in Section 3, the UL control channel (PUCCH) is also power controlled based on Eq. (1) (but using different parameters and  update rate), we may use the PUCCH Tx PSD for the PUSCH Tx PSD as follows:
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where PSDTx(PUCCH) is the most recent PSD (or PSD averaged over the recent updates) for PUCCH and Δcontrol(PUSCH, PUCCH) represent the PUCCH power offset relative to the Tx PSD for PUSCH.
 [image: image18.emf]HARQ 1  HARQ 2  HARQ 3 HARQ 4

HARQ cycle period

UL grant & 

ACK/NACK

(HARQ 1) 

UL grant & 

ACK/NACK

(HARQ 2) 

UL grant & 

ACK/NACK

(HARQ 3) 

UL grant & 

ACK/NACK

(HARQ 4) 

DL control 

signaling

UL grant & 

ACK/NACK

(HARQ 1) 

UL grant & 

ACK/NACK

(HARQ 2) 

UL grant & 

ACK/NACK

(HARQ 3) 

UL grant & 

ACK/NACK

(HARQ 4) 

HARQ 1  HARQ 2  HARQ 3 HARQ 4

Open loop  + closed loop PC

UL grant & 

ACK/NACK

(HARQ 1) 

UL grant & 

ACK/NACK

(HARQ 2) 

HARQ 1 

Open loop  + 

closed loop PC

H 2 

UL data 

channel

UL Tx PSD 

level

Time (msec)

HARQ 3 HARQ 4

Open loop  + closed 

loop PC

 

MCS open open

Tx

n PSD n PSD

n PSD n PSD

Tx

    

  

) 1 ( ) (

) 1 ( ) (

'

DTX period

DTX period

ESINR estimation 

&

Correction command

ESINR estimation 

&

Correction command

ESINR estimation 

&

Correction command

n-th update instant (n-1)-th update instant


Figure 4. Option-2) Tx PSD setting based on the pathloss variation between the time before the DTX and the time before resuming the UL transmission
2.4 Power control for non-scheduled data

For non-scheduled data (e.g. VoIP), there are several options for the UE to set its TX PSD: 
· Option-i) Relying on the open loop PSD only. In this case, the weighting factor, β, in Eq. (1) is set to zero as in the case of initial Tx PSD setting.
· Option-ii) In the closed loop part, the eNodeB transmits UL grants only in particular instants (in time) where the UL grant conveys the correction command. In this case, the UL grant format (and/or the correction command format) may be different than that for scheduled data.
· Option-iii) Similar to Option-3 for transmit PSD setting without a recent closed loop correction command, applying a power offset relative to the most recent PSD (or PSD averaged over the recent updates) for PUCCH, if available.

3. Power control for PUCCH and sounding RS 
For sounding RS (SRS), its Tx PSD, PSDTx(SRS), may be biased by a SRS power offset relative to the data TX PSD, PSDTx(PUSCH), such that
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where ΔRS (PUSCH, SRS) represent the SRS power offset that may be a UE-specific parameter configured by the eNodeB on a semi-static basis.       

For PUCCH, it is preferred to use different parameters (such as SINRTarget and α =1) and a faster update rate than for PUSCH. We also prefer that the reference channel measured for correction commands for PUCCH is the control channel itself and that the correction command is conveyed in the DL scheduling. The number of bits for the correction command may be different than for PUSCH, where the number of bits may be a semi-static configurable parameter per UE basis.
However, we may maintain a relative average power offset between the data (PUSCH) and control (PUCCH) such as
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where 

· E(PSDTx(PUSCH)) represents the average Tx PSD for PUSCH in dBm.  
· E(PSDTx(PUCCH)) represents the average Tx PSD for PUCCH in dBm.
· Δcontrol(PUSCH, PUCCH) is a power offset between PUSCH and PUCCH.
4. Power Headroom Reporting
In order to do proper MCS and bandwidth allocation, the eNodeB needs to know the power headroom of the UE. The power headroom reporting is done by the UE via in-band signaling (or higher layer signaling), which is similar to in HSUPA. 
Details of the power headroom signaling are FFS.
5. Overhead Analysis
Table 1 shows an overhead assessment of the PC correction command signaling in the proposed closed loop scheme described in Section 2.2. We assume 10 MHz system bandwidth and that the correction command is conveyed in both the UL grant and the DL scheduling assignment, using a correction command signaling rate of 55.5 Hz (equivalently, every 18 TTIs) on average.   

As seen in the table, the assessed PC signaling overhead of the proposed closed loop is about 0.039 %, where it is relative to the total resource elements available in 10 MHz.

Table 1. Assessment of the PC correction command signaling overhead in the proposed closed loop  

	Parameter
	Figure
	Notes

	Nbit, number of closed loop command bits
	2
	

	R, channel code rate
	1/3
	

	M, modulation level [bits/symbol]
	2
	QPSK

	BW, bandwidth
	9 MHz 
	In 10 MHz system bandwidth

	Nch, number of L1/L2 CCHs (UL grants + DL scheduling)
	20
	
Nch  = (2xBW) / (60x15K)

	Nre, number of resource elements
	60
	Nre  = Nch x Nbit / (R x M)

	Ntotre, total number of resource elements
	8400
	Ntotre = BW / 15K * 14

	Rpc, average correction command signaling rate
	55.5 Hz
	Correction command signaling in every 18 TTIs on average

	RO, relative signaling overhead
	0.039%
	RO =  (Nre / Ntotre) x (Rpc x 10^-3) 


6. Simulation Results
We here evaluate the performance of the proposed combined open loop and aperiodic PC scheme, taking into account open loop errors, as follows: 

· Evaluate the sensitivity to power control command update rate

· The issue is whether commands should be sent in every uplink scheduling grant message or in every N using a different message format with extra 2 or 3 bits

· PC rate: 55.5 Hz meaning that the eNodeB sends the correction command in every 18 grants/TTIs.

· PC rate: 166.6 Hz meaning that the eNodeB sends the correction command in every 6 grants/TTIs.

· Evaluate 2 bit (+/- 4, 2 dB) vs. 3 bit (+/- 7, 5, 3, 1 dB) commands

The simulation assumptions are in Appendix A. We simulated combined open and closed loop power control without fractional power control or any inter-cell correction. Two different sets of simulations were run: in one case the UEs were randomly placed in cells with a fixed, random shadow loss but with time-varying fading over 2000 TTIs; in the second case the shadow loss was re-randomized every 200 TTIs while the fading remained continuous. The second case provides more representative cell-edge results due to more random shadow loss. We also considered two update rates: 55.5 Hz where the SINR is averaged over 18 TTIs, and 166.6 Hz where the SINR is averaged over 6 TTIs; in both cases the pathloss was averaged over 18 TTIs.
Plots of the normalized user throughput and IoT CDFs are in Figures 5-10. A summary of the average cell spectral efficiency results are given in Table 2. These observations can be made:
· Using 2 command bits results in higher spectral efficiency than 3 bits in all cases considered

· The lower power control command update rate (55.5 Hz), hence longer SINR averaging, more often results in better performance than the faster rate (166.6 Hz)

· Using 2 command bits and the lower power control command update rate (55.5 Hz) results in the highest cell-edge spectral efficiency  

· A higher target SINR results in higher average spectral efficiency as well as less sensitivity to the number of command bits or the update rate. 

Based on these results we recommend using 2 bit power control commands at a nominal rate of once every 18 ms.
Table 2. Uplink full queue PC system evaluation results
	
	Average cell spectral efficiency (bps/Hz/cell)

	Continuous 2000 TTIs

	
	2 command bits,                  PC rate=55.5 Hz
	3 command bits,                  PC rate=55.5 Hz
	2 command bits,                  PC rate=166.6 Hz
	3 command bits,                  PC rate=166.6 Hz

	SCM-C 3km/h,

TSINR=10 dB
	0.95
	0.892
	0. 862
	0. 835

	SCM-C 30km/h,

TSINR=10 dB
	0.834
	0.796
	0.817
	0.7872

	SCM-C 3km/h,

TSINR=14 dB
	1.096
	1.074
	1.087
	1.05

	SCM-C 30km/h,

TSINR=14 dB
	0. 964
	0. 941
	0. 968
	0. 922

	Discontinuous 10x200 TTIs

	SCM-C 3km/h,

TSINR=10 dB
	0. 952
	0. 917
	0. 877
	0.861

	SCM-C 30km/h,

TSINR=10 dB
	0. 834
	0.802
	0.821
	0.8

	SCM-C 3km/h,

TSINR=14 dB
	1.071
	1.049
	1.071
	1.048

	SCM-C 30km/h,

TSINR=14 dB
	0.941
	0. 92
	0. 959
	0. 933
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Figure 5. Uplink normalized user throughput CDF for target SINR=10 dB with continuous 2000 TTIs:                                         (a) SCM-C 3km/h (b) SCM-C 30km/h
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Figure 6. Uplink normalized user throughput CDF for target SINR=14 dB with continuous 2000 TTIs:                                     (a) SCM-C 3km/h (b) SCM-C 30km/h
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Figure 7. Uplink IoT CDF for SCM-C 30km/h with continuous 2000 TTIs:
(a) Target SINR=10 dB (b) Target SINR=14 dB
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Figure 8. Uplink normalized user throughput CDF for target SINR=10 dB with discontinuous 10x200TTIs:                                   (a) SCM-C 3km/h (b) SCM-C 30km/h
[image: image25.emf](a) (b)

0.4 0.6 0.8 1 1.2 1.4 1.6 1.8

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Normalized User Throughput [bps/Hz]

CDF

SCM-C 3km/h, Target SINR=14 dB

 

 

2bits, PC rate=55.5Hz

3bits, PC rate=55.5Hz

2bits, PC rate=166.6Hz

3bits, PC rate=166.6Hz

0.4 0.6 0.8 1 1.2 1.4 1.6 1.8

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Normalized User Throughput [bps/Hz]

CDF

SCM-C 30km/h, Target SINR=14 dB

 

 

2bits, PC rate=55.5Hz

3bits, PC rate=55.5Hz

2bits, PC rate=166.6Hz

3bits, PC rate=166.6Hz


Figure 9. Uplink normalized user throughput CDF for target SINR=14 dB with discontinuous 10x200TTIs:                        (a) SCM-C 30km/h (b) SCM-C 3km/h
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Figure 10. Uplink IoT CDF for SCM-C 30km/h with discontinuous 10x200TTIs:
(a) Target SINR=10 dB (b) Target SINR=14 dB
7. Conclusions
In this contribution we propose a combined open loop and closed loop uplink power control scheme for the PUDCH having these features:
· In the UE Tx PSD setting, the UE first determines the open loop PSD based on a filtered pathloss estimate and then applies a power correction factor relative to the open loop PSD, in order to primarily control for open loop errors. The correction factor is derived at the UE, based on the recent received correction command(s). 

· The formula used by the UE set the transmit PSD has these parameters:  

· α is a cell specific pathloss compensation factor for fractional power control
· Δclosed is a power correction (adjustment) factor in dB, which is determined based on a closed loop mechanism
· β is a weighting factor to enable (β=1) or disable (β=0) the closed loop component, depending on the availability of the DL control channel carrying the closed loop correction command.
· ΔMCS a power offset per granted MCS.
· The closed loop correction command with multiple bits (preferably 2 bits) is signaled from the eNodeB relative to each scheduled UE in particular UL scheduling grants (and possibly particular DL scheduling assignments) in the DL L1/L2 control channel. 

· Which UL grants (and DL assignments) convey the correction command is a higher layer configurable parameter per UE basis, so that no additional signaling is required to indicate a control channel format in use in a given TTI. 
For PUCCH, it is preferred to use different parameters and a faster update rate than for PUSCH. In addition, we prefer that the reference channel measured for correction commands for PUCCH is the control channel itself and that the correction command is conveyed in the DL scheduling. 
For the SRS, the Tx PSD may be biased by a power offset relative to the PUSCH Tx PSD. The power offset may be a UE-specific parameter configured by the eNodeB on a semi-static basis.       
In order to do proper MCS and bandwidth allocation, the eNodeB needs to know the power headroom of the UE. The power headroom reporting is done by the UE via in-band signaling which is similar to that used in HSUPA.

We also presented an overhead assessment of the PC correction command signaling in the proposed closed loop scheme component, showing the overhead of 0.039 % per UE out of the total resource elements available in 10 MHz. This assumes that the power control command bits are transmitted as an additional 2 bits in one out of every N downlink scheduling grants (every 18 TTIs).
Lastly, we showed simulation results, which considered the issues of whether 2 or 3 bits should be used for the power, control command and also whether a slow (55.5 Hz) or fast (166.6 Hz) update rate was better. We concluded that 2 bits at the slower rate was preferable.
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Appendix: Simulation Assumptions
A summary of system level simulation assumptions is given in Table A-1. They are generally aligned with the assumptions in [2]. We assume that a full buffer traffic model is considered with fully loaded cells (e.g., 10 UEs use all the available RBs and all transmit at the same time). The UEs are randomly located in each cell and are stationary throughout the simulation time frame for 2000 TTIs. Each UE updates its Tx PSD every 18 TTIs or 6 TTIs. In each TTI their static pathloss is modified by fading using a SCM-C multipath model.
Table A-1. Simulation Assumptions for Uplink Power Control

	Parameter
	Assumption

	Cellular Layout
	Hexagonal grid, 19 cell sites, 3 sectors per site

	Cellular Radius
	167m (500m Inter-Site Distance)

	Distance-dependent path loss
	L=I + 37.6log10(.R), R in kilometers

I=128.1 – 2GHz

	Shadowing fading
	Log-normal, 8 dB standard deviation

	Penetration Loss  
	20dB

	PLx-tile
	118 dB 

	Balancing factor, 
	0

	Channel model
	SCM-C, 3, 30km/h

	Antenna pattern (horizontal)

(For 3-sector cell sites with fixed antenna patterns)
	
[image: image27.wmf](

)

ú

ú

û

ù

ê

ê

ë

é

÷

÷

ø

ö

ç

ç

è

æ

-

=

m

dB

A

A

,

12

min

2

3

q

q

q



[image: image28.wmf]dB

3

q

 = 70 degrees,  Am = 20 dB

	User distribution 
	Uniformly dropped 10 UEs per sector



	BS Antenna Gain plus cable loss
	15 dBi

	Carrier Frequency
	2.0GHz

	Spectrum allocation
	10 MHz (50 RBs per sector) , 5 RBs per UE

	Minimum distance between UE and cell
	>= 35 meters

	Maximum UE TX power including PAPR backoff
	24 dBm

	UE Traffic
	Full Buffer

	Noise Figure
	5dB

	AMC
	ON

	Coding
	Release 6 Turbo Coding

	HARQ
	Chase combining (synchronous)

	Scheduling
	Round Robin

	Frequency reuse factor
	1, 3

	CQI processing delay 
	Processing delay of 3 subframe

	Overhead Channels
	4 symbols per subframe (29%)

	Data Channels
	10 symbols per subframe

	Resource Block Carrier Allocation
	Localized

	Channel Estimation Error
	Ideal

	Inter-cell Interference Modeling
	UL: Explicit modeling (all 56 interfering cells or 19 interfering cells)

	SC-FDMA Receiver
	LMMSE with 2 Rx antenna Diversity


The PC simulation uses three HARQ processes (one HARQ in 1 msec TTI). For each HARQ process, the SINR is computed using the methodology used in [2]. The computed SINR is used to select the AMC set that is applied 3 TTIs later. The SINR in that TTI is computed and along with the MCS is used to estimate the BLER from link-level simulations with AWGN. A random number is then drawn to determine ACK/NACK. If a NACK occurs, Chase combining is used for subsequent iterations and a combined SINR is obtained. 

The CQI table is shown in table 2. The entries were based on simulations with ideal channel estimation. The highest data rate (16QAM & r = 5/6) corresponds to an SNR >11.8 dB. In our simulation we assigned a TBS size based on 64 subcarriers per UE, slightly more than 5 RBs. Therefore the maximum data rate for a SIMO UE is 2.56 Mbps

Table A-2. AMC sets

	CQI

Index
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	MCS
	QPSK, 1/9
	QPSK, 1/6
	QPSK, 1/3
	QPSK, ½
	QPSK,  5/8
	QPSK, 3/4
	QPSK,  5/6
	16QM,    1/2
	16QM,  5/8
	16QAM, 3/4
	16QAM, 5/6

	ESINR (dB)
	[-inf      -4.1]
	[-4.0         -1.1]
	[-1.0 1.0]
	[1.1 2.6]
	[2.7   4.3]
	[4.3 5.3]
	[5.4    6.7]
	[6.8  8.3]
	[8.4 10.2]
	[10.3 11.8]
	[11.9 inf]
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