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1. Introduction

A number of simulation assumptions for LTE RF co-existence studies were agreed in the WG4 LTE Simulation Telco#1, see draft LTE-SIM-Telco#1-Siemens-tdoc#08.
This contribution addresses some of the open simulation assumptions for the LTE UL cases based on LTE-SIM-Telco#1-Nokia-tdoc#01.

2. UL simulation assumptions

HO Margin for cell attachment:  


A HO margin of [3] dB is proposed.

Allocated RB width per UE (n*375 kHz):

· For 5 MHz LTE: 
4 * 375 kHz

· For 10 MHz LTE: 
8 * 375 kHz

For the rationale, see Appendix A.

# of UEs / cell (sector) of the FTP service:


With the RR scheduler, the # of UEs / cell does not matter, as long each cell utilises all RBs. It is proposed:

· exactly 3 for the 5 MHz LTE option

· exactly 3 for the 10 LTE MHz option

ACS modelling for LTE BS UL victim:
“brickwall” RX filter, i.e. it is assumed that the UE ACLR will dominate

ACLR modeling for 5 MHz LTE UE UL aggressor, WCDMA victim case: 

	ACLR 5 MHz LTE UE -> UTRA FDD BS
	 
	 
	 

	Location of aggressing RB 

(width 4*375 kHz) 
	Adjacent to victim channel edge
	middle
	far end from victim channel edge

	ACLR dBc / 3.84 MHz
	30 + x
	42 + x
	42 + x

	x is an offset for simulations, x = -5, 0, 5, 10 dB


ACLR modelling for 10 MHz LTE UE aggressor, 10 MHz LTE BS victim case: 

	ACLR 10 MHz LTE UE -> 10 MHz LTE BS, dBc/ 8*375 kHz
	

	Adjacent channel victim RB location (width 8*375 kHz)
	1 (adjacent to aggressor band edge)
	2
	3 (far end from aggressor band edge)

	ACLR dBc /8*375 kHz
	30 + x
	42 + x
	42 + x

	Note 1: these values apply for the aggressing RB (width 8*375 kHz) at the band edge only. The ACLR values for the other 2 aggressing RB locations are obtained by shifting the values in this table correspondingly

	Note 2:  x is an offset for simulations, x = -5, 0, 5, 10 dB
	


For the rationale, see Appendix B.

Detailed Simulation Flow for LTE as victim system:  
For i=1:#of snapshots

1. Drop UEs into the scenario

· Distribute UEs uniformly throughout the system area 

· The number of UEs is set sufficiently high  so that exactly K UEs/cell (sector) can be obtained  in  Step 3

2. Calculate pathloss (including slow fading) for all UEs

· Fast fading is considered in the Tput lookup tables

3. Attach UEs to cells based on the received pilot strength C

· For each UE, from each cell, calculate received power C = cell pilot power * pathloss

· Attach the UE randomly to a cell which is within the HO margin of [3] dB from the best (largest) server. 

· Select K UEs from each cell randomly to represent the UEs that are being scheduled during this snapshotand remove any other remaining UEs 

4. Calculate CQI for each UE
· Uplink CQI

· For each RB, calculate the CQI on a per-RB basis as follows:

· CQI(RB) = UE_MAX_TX_PWR * Pathloss to attached cell / I(RB), where 

· I(RB) := (Sum(all other-system UEs)(Interference into this RB, including ACS/ACLR) + N

· Note 1: UL TFC selection and UPH are not defined in TR 25.814, the above “UL CQI” indicates the UPH in form of maximum possible C/I at the BS when the UE is at full power

· Note 2: UE TX power limitations and other-system UL interference are visible in the CQI of this RB, but not intra-system Interference

5. Perform PS operation for all cells

· Loop over all cells

· Loop over all UEs attached to the cell

· Scheduler: Select the next UE to be scheduled based on the scheduling metric (e.g. randomly in case of RR (default), CQI-order in case of maximum C/I scheduler.)

· UL scheduling operation:

· Pick a RB among the “not scheduled” ones based on the CQI(RB) metric and mark it as “scheduled”
· Select a CIR_target < CQI(RB) based on the CQI and possibly other criteria (e.g. pathloss, DL G value)

· Note: details of this operation are left unspecified, however, they should be described when presenting results

6. Do Power Control

· UL:  Set Txp_UL = max(UE_MIN_TX_PWR, CIR_target * Pathloss * I(selected RB) ),  

· I(selected RB) includes the other-system interference + noise, but not intra-system interference

7. Calculate actual intra/inter system interference to get the actual C/I and bit rates for each UE

· Calculate actual C/I on per-RB basis, including intra- and other-system interference (ACS/ACLR effects), excluding not-scheduled UEs.

· Use the actual C/I-to-Throughput mapping to determine the obtained Tput for the UE

8. Collect statistics for the snapshot

· Collect statistics separately for all UEs and for the cell edge UEs

End

Detailed Simulation Flow for LTE as aggressing system:  same as for LTE victim, except that the other-system interference is not included
Proposed statistics:

All the generated statistics (e.g. bitrates) are instantaneous distributions on subframe basis, not on a per-session basis. I.e. the instantaneous bit rates need to be averaged in order to obtain the session average UE Tput.

Results may include the following statistics:

· Distribution of user bit rates 

· Total cell/sector Tput distribution (over all snapshots)

· UE TX power distribution

· CQI distribution

· Actual C/I distribution

· CIR_target vs actual CIR distribution (maybe useful, as intra-system interference is not available during CIR_target setting)

· Average Cell edge UE Tput vs cell sector Tput

3. Discussion and Proposal for Decision

It is proposed to adopt these simulations assumptions into the E-UTRA RF system scenario TR.

4. References

[1] draft LTE-SIM-Telco#1-Siemens-tdoc#08

[2] LTE-SIM-Telco#1-Nokia-tdoc#01, Nokia

Appendix A: Rationale for the proposed RB width

The following provides the rationale for the proposed UL RB width. This is based on an analysis of the 5 MHz LTE UE UL aggressor / WCDMA victim case. However, similar reasoning applies also to the 10 MHz LTE vs 10 MHz LTE UL case and detailed simulation results are not repeated for this case.

Fig.1 shows the ACLR/3.84 MHz from the TX of a 1*375 kHz wide RB at the band edge, when the nominal PA operating point was prior set to 33 dB ACLR/3.84 MHz for the TX of a 12*375 kHz wide RB. There is a significant reduction (~7 dB) in ACLR/3.84 MHz for the 1*375 kHz wide RB case, as large parts of the OOB emissions fall into the guardband around the band edge. 


[image: image1]
Fig.1 ACLR/3.84 MHz from TX of a 1*375 kHz RB

Fig.2 shows for the same conditions an ACLR/3.84 MHz of -36 dB from the TX of a 4*375 kHz wide RB at the band edge which is already within 3 dB of the nominal ACLR setpoint.

[image: image2]
Fig.2 ACLR/3.84 MHz from TX of a 4*375 kHz RB

As a conclusion, wider than 1*375 kHz RU allocations should be considered for the aggressing 5 MHz LTE UE in order to be close enough to worst case conditions. We propose to use 4 RBs.
In the 10 MHz LTE vs 10 MHz LTE case the guardband is larger (~1 MHz) and hence this effect will be even more pronounced. The following plot provides the ACLR / n*375 kHz as function of the # of aggressing (=victim) RBs with the nominal PA operating point set to 33 dB ACLR/ 24*375 kHz. Based on this we propose to use 8 RBs.
[image: image3.emf]ACLR as a function of interfering and victim RB number 
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Table 1: ACLR / n*375 kHz for the LTE 10 MHz option 
Proposal for allocated RB width per UE (n*375 kHz):

· For 5 MHz LTE: 
4 * 375 kHz

· For 10 MHz LTE: 
8 * 375 kHz

Appendix B: Rationale for the proposed ACLR model

The following provides the rationale for the proposed UE ACLR modelling. This is based on an analysis of the 5 MHz LTE UE UL aggressor / WCDMA victim case. However, similar reasoning applies also to the 10 MHz LTE vs 10 MHz LTE UL case and detailed simulation results are not repeated for this case.

Assumptions for the allocated RB width per UE (n*375 kHz) are as in Appendix A, i.e.:

· For 5 MHz LTE: 
4 * 375 kHz

· For 10 MHz LTE: 
8 * 375 kHz

Figs. 3 & 4 show the ACLR/3.84 MHz from TX of a 4*375 kHz RB in middle, respectively lowest portion of the channel and should be compared with results in Fig.2 (-36 dB ACLR/4*375 kHz). Also here the nominal PA operating point was prior set to 33 dB ACLR/3.84 MHz for the TX of a 12*375 kHz wide RB. TX noise floor was not modelled.


[image: image4]
Fig.3 ACLR/3.84 MHz from TX of a 4*375 kHz RB in middle portion of channel


[image: image5]
Fig.4 ACLR/3.84 MHz from TX of a 4*375 kHz RB in lower portion of channel

As can be seen, there is a significant reduction in ACLR when the RB is not transmitted adjacent to the band edge. Using single ACLR would lead to far too pessimistic results.

Assuming a UE noise floor of -30 dBm/1 MHz (= 48 dBc/3.84 MHz for a 24 dBm UE), the ACLR from the TX of the RB in middle, and lowest portion of the channel can be assumed -36 – (-48) = 12 dB higher than for the TX at the victim band edge.

The following is proposed for the ACLR modelling for 5 MHz LTE UE aggressor, WCDMA BS victim case: 

	ACLR 5 MHz LTE UE -> UTRA FDD BS
	 
	 
	 

	Location of aggressing RB 

(width 4*375 kHz) 
	Adjacent to victim channel edge
	middle
	far end from victim channel edge

	ACLR dBc / 3.84 MHz
	30 + x
	42 + x
	42 + x

	x is an offset for simulations, x = -5, 0, 5, 10 dB


Along similar lines, the following is proposed for the ACLR modelling for 10 MHz LTE UE aggressor, 10 MHz LTE BS victim case: 

	ACLR 10 MHz LTE UE -> 10 MHz LTE BS, dBc/ 8*375 kHz
	

	Adjacent channel victim RB location (width 8*375 kHz)
	1 (adjacent to aggressor band edge)
	2
	3 (far end from aggressor band edge)

	ACLR dBc /8*375 kHz
	30 + x
	42 + x
	42 + x

	Note 1: these values apply for the aggressing RB (width 8*375 kHz) at the band edge only. The ACLR values for the other 2 aggressing RB locations are obtained by shifting the values in this table correspondingly

	Note 2:  x is an offset for simulations, x = -5, 0, 5, 10 dB
	













































































� Including antenna gain, shadow fading and MCL
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