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1
Introduction

During the RAN2#81 meeting, there was a discussion paper suggesting to revise the UL MIMO E-TFC selection procedure [1], in particular, when a power limited UE retransmits data on the primary stream and creates a new transport block on the secondary stream. It was pointed out that the current E-TFC selection procedure is not efficient and may lead to situations when a UE creates transport block of larger size, which might have a higher drop probability. To solve this problem, two new schemes were presented.  

In this discussion paper, we express our further considerations on this issue. In particular, we present simulation results and analysis for the existing E-TFC selection procedure and two schemes mentioned in [1].

2
E-TFC selection procedure

As mentioned briefly in the Introduction, it was claimed that the existing E-TFC selection procedure is not optimal and may lead to a situation when a UE creates larger transport block sizes on the secondary stream when a UE retransmits on the primary stream. Referring to [1], three are three different solutions:

a) Choose the secondary stream packet-size based on the primary stream serving grant and the offset signalled on the E-ROCH. Then apply power-scaling to resolve the headroom violation. This scheme is currently specified in TS 25.321.

b) UE falls back to rank1, sending only the primary stream re-transmission.

c) Apply power-scaling for the first stream to resolve the power-headroom violation assuming rank2 transmission. Then use the resulting primary stream beta factor and the offset signalled in E-ROCH to select the new packet-size on the secondary stream. 

To understand whether the existing scheme should be preserved or a new one should be adopted, we have implemented all of them in the system level simulator. The simulation parameters, results, and analysis are presented in the next section. 

3
Simulation results and analysis 

3.1
Simulation parameters

Table 1. Macro level simulation parameters and assumptions

	Parameter 
	3GPP

	BS antenna pattern
	Parabolic

	Dimension of BS antenna model
	3D

	BS antenna gain (bore sight) 
	17 dBi

	BS antenna pattern azimuth width
	70º

	BS antenna pattern elevation width
	15º

	BS antenna tilt angle
	8º

	UT antenna pattern
	Omnidirectional

	Dimension of UT antenna model
	3D

	UT antenna gain 
	0 dBi 

	User terminal power 
	23 dBm 

	UT noise figure 
	7 dB 

	Thermal noise power 
	-174 dBm/Hz 

	Cell layout
	Wrap-around hexagonal grid, 

19 sites with 3 sectors per site 

	Inter-site distance 
	1000 m

	Minimum distance between UT and serving cell 
	25 m 

	Carrier frequency
	2.0 GHz 

	Penetration loss
	10 dB

	Channel model profile
	PA, VA

	Correlation between the antennas
	0

	User distribution
	Randomly and uniformly distributed over the area 

	User mobility model
	Classic Doppler spectrum

	Users speed
	3 km/h

	Interference modeling
	Explicitly modeled interference, given percentage of the strong interferes are modeled with taking into account their temporal and spatial correlation properties, less powerful interferers are modeled by equivalent AWGN noise 

	Traffic model
	Full buffer 


Table 2. Summary of system-level simulation assumptions

	Parameter
	Value

	Average number of users per sector
	0.0175, 0.25, 1, 4, 10

	Transmission modes
	MIMO fixed (rank2)

	E-TFC set
	Updated E-TFC set with 64-QAM maximum modulation

	Link-to-system mapping interface
	Effective SINR based

	E-DCH TTI
	2 ms

	T2TP
	10 dB (depending on the E-TFC)

	Channel estimation
	Ideal

	Pilot SINR estimation
	Ideal, by an analytic formula 

	Node B receiver
	LMMSE with RX diversity and IC (type 3i)

	Number of TX antennas
	2 

	Number of RX antennas
	2

	Soft handover algorithm
	Enabled

	Softer handover algorithm
	Enabled

	Serving cell association
	Within association margin of 3 dB

	Inner loop power control
	On

	Outer loop power control
	On

	ILPC delay
	2 slots

	ILPC period
	1 slot

	TPC error rate
	No errors, ideal feedback

	OLPC delay
	4 TTI

	Target BLER
	10% after the 1st transmission attempt

	Maximum number of HARQ attempts
	4

	Number of TX weights
	4, phase only codebook

	TPI selection
	Testing of all hypotheses to maximize the primary stream SINR (at strongest or 2nd strongest NodeB)

	TPI feedback delay
	2 TTI

	TPI feedback error rate
	No errors, ideal feedback

	TPI update period
	1 TTI

	Target RoT
	15 dB

	Scheduling algorithm
	Round-robin

	Scheduling delay
	2 TTI

	Scheduling period
	1 TTI


3.2
Simulation results

This section includes system level simulation results for the considered three options (schemes) of the secondary stream E-TFC selection: (a), (b) and (c). The results are obtained for the Ped A, 3 km/h and Veh A, 3 km/h channel models. Average UE and sector throughputs and average UE throughput gains of schemes (b) and (c) over scheme (a) are measured as well as absolute probabilities of the considered H-ARQ retransmission case (a special case of H-ARQ retransmission and a special case of power limitation).

Firstly, we present some statistics on how often such a situation occurs when a UE resorts to using one of the schemes due to a power limitation. As can be seen from Figure 1 below, the probability for this event is quite low, ranging from 1.3% to 0.1%, depending on the channel model and number of UEs per sector. As somewhat logically anticipated, the highest probability is observed for the Veh3 channel with a low number of UEs per sector.
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Figure 1. Probabilities of the considered case of H-ARQ retransmission for a power-limited UE for different numbers of UEs per sector (PedA and VehA channel models)

Table 3  below presents the average UE throughput for different number of UEs per sector for all the considered schemes with different channel models. Figure 2 presents the same information in the form of gains over the scheme (a). As can be seen from the table and the figure, scheme (b) provides average UE throughput gains of ~2-4% in the Ped A channel model, and  ~5-7% in the Veh A channel model. Scheme (c) provides average UE throughput gains of ~1% in the Ped A, 3 km/h channel model and of ~1-3% in the Veh A, 3 km/h channel model. It is worth noting that there are case when scheme (c) either does not provide noticeable gains or even results in negative ones. In general, scheme (b) provides better performance than scheme (c), because falling back to rank 1 prevents from ending up in the considered situation and, which is more important, provides two times higher TX power for the primary stream which may overcome the power limitation and lead to better primary stream performance.

Table 3. Average UE throughput for different numbers of UEs per sector and for different E-TFC selection options (Ped A and VehA channel models)

	
	Average UE throughput, kbps

(PedA)
	Average UE throughput, kbps

(VehA)

	Number of UEs per sector
	Scheme A
	Scheme B
	Scheme C
	Scheme A
	Scheme B
	Scheme C

	
	
	
	
	
	
	

	0.0175
	14294
	14544
	14255
	13116
	13126
	13094

	0.25
	8563
	8758
	8599
	7817
	8393
	7903

	1
	3394
	3458
	3440
	3239
	3412
	3250

	4
	763
	788
	773
	759
	824
	793

	10
	247
	263
	247
	256
	271
	263
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Figure 2. Average UE throughput gains of schemes (b) and (c) over scheme (a) for different numbers of UEs per sector (Ped A and VehA channel models)

4
Conclusion

The provided simulation results demonstrate that probabilities of the considered case are rather low (~0.1% – 1.3%), which leads to relatively low impact of different schemes of the secondary stream E-TFC selection on the link throughput. Thus, the first question to be answered is whether the current E-TFC selection procedure should be changed. 

Proposal 1: Discuss whether the current E-TFC selection procedure should be changed.

Should RAN2 decide to change the the E-TFC selection procedure, our view is that scheme (b) (falling back to rank1) is beneficial when compared to scheme (c) due to its simplicity from the specification impact point of view. An excerpt from  TS 25.321 in Appendix 1 shows how scheme (b) can be implemented to the current specification.

Proposal 2: If RAN2 decides to change the E-TFC selection procedure, adopt the scheme with the rank1 fallback.
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Appendix 1

11.8.1.4a
E-TFC Selection for uplink MIMO

When the maximum allowed rank is 1 and the HARQ entity invokes the E-TFC selection procedure for the primary stream, then the E-TFC selection procedure is applied as specified in sub-clause 11.8.1.4. 

When the maximum allowed rank is 2, then the E-TFC selection procedure is as follows: 

-
If the HARQ entity has invoked E-TFC selection procedure for both streams:

-
For the primary stream, the E-TFC selection procedure is applied as specified in sub-clause 11.8.1.4 assuming rank2 transmission parameters.

-
If E-TFCI selected for the primary stream is equal to or greater than the minimum TB size for rank2 transmissions, then for the secondary stream, the E-TFC selection procedure is applied as specified in sub-clause 11.8.1.4, where the virtual serving grant is used, which is calculated according to the formula below and is based on the transmit power chosen for the primary stream and the Node B signalled offset S-ETFC Offset Value as defined in table 16D of [16].
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-
If either the primary or the secondary stream E-TFCI is less than the minimum TB size for rank2, then a UE shall perform again the E-TFC selection procedure for rank1 transmission as specified in 11.8.1.4. Indicate to HARQ entity that rank1 transmission shall take place.

-
If the HARQ entity has invoked E-TFC selection only for the primary stream:

-
Perform the E-TFC selection procedure as specified in sub-clause 11.8.1.4 assuming rank2 transmission parameters.

-
If E-TFCI selected for the primary stream is less than the minimum TB size for rank2 transmission configured by higher layers, the pending secondary stream retransmission shall be transmitted on the primary stream using rank1 transmission and gain factors that would be used for that E-TFC on the primary stream. 

-
If the HARQ entity has invoked E-TFC selection only for the secondary stream:

-
If according to the E-TFC restriction procedure as described in [12], the maximum E-TFC in supported state on the primary stream is smaller than the retransmission block size on the primary stream, indicate to HARQ entity that rank1 transmission shall take place. The pending primary stream retransmission shall be transmitted on the primary stream using rank1 transmission and gain factors that would be used for that E-TFC on the primary stream.

-
Determine the maximum allowed number of bits of scheduled data according to the Serving_Grant in the primary stream as described in sub-clause 11.8.1.4 using the power offset from the HARQ profile used for the retransmission in the primary stream. 

-
If the maximum allowed number of bits of scheduled data according the serving grant on the primary stream is equal to or larger than the minimum TB size for rank2 transmission, perform  the E-TFC selection procedure for the second stream as specified in sub-clause 11.8.1.4, where the virtual serving grant is used, which is calculated based on the transmit power chosen for the primary stream and the Node B signalled offset S-ETFC Offset Value as defined in table 16D of [16] (see formula above).

-
If the selected E-TFCI for the secondary stream is less than the minimum TB size for rank2 transmission, then indicate to the HARQ entity that rank1 transmission shall take place on the primary stream. The pending primary stream retransmission shall be transmitted on the primary stream using rank1 transmission and gain factors that would be used for that E-TFC on the primary stream.
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