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1 Introduction

The new SINR-based scheduling approach is proposed in [1] and the latest simulation results of its evaluation are discussed in [2] and [3]. The present document focuses on evaluation of different options of Soft Handover (SHO) mechanism that can be implemented with the SINR-based scheduling approach. Initial considerations and system level simulation results are provided to analyze possible approaches to control the data rate (E-TFC) for SHO UEs
2 Text Proposal
---------------------------------------------------------------- Text Start ----------------------------------------------------------------
5.4.2.1 
Soft Handover operation with Rate Adaptation
5.4.2.1.1 
SHO for 2-loop Rate Adaptation

The following architectural options of SHO are considered:

· SHO off. For this option each UE has only a single link to its serving Node B and there are no non-serving Nodes B in the active set. The marginal loop operates taking the packet reception success at the single serving Node B and E-TFCs are selected according to the post-receiver SINR and the margin only at the serving Node B.

· SHO option 1. For this option, SHO is enabled and a UE has a single link to the serving Node B and potentially has multiple links to non-serving Nodes B. But the E-TFC control mechanism operates only at the serving Node B similarly to the case of SHO disabled. Non-serving Nodes B try to decode the received TBs but provide only the ACK/NACK feedback without any impact on the data rate to be scheduled.

· SHO option 2. For this option, SHO is enabled but in contrast to option 1 the marginal loop takes TB reception success at the RNC side thus taking into account a combined reception probability from the whole active set of Nodes B. Therefore, the marginal loop logic in this option is similar to the OLPC logic in the legacy system up to replacement of the target DPCCH SIR parameter by the E-DPDCH post-receiver SINR margin. It should be noted that for this option, channel conditions in non-serving links impact rate adaptation only via the marginal loop but the post-receiver SINR is directly taken only from the serving link as it is done in option 1.

· SHO option 3. For this option, all Nodes B in the active set control the rate adaptation. The marginal loop operates in SHO similarly to option 2 but all post-receiver SINRs are directly taken into account. In that case a UE selects E-TFC according to the maximal post-receiver SINR among all links with the margin added. Every Node B in the active set should signal its supported E-TFC to the UE in addition to the ACK/NACK feedback.
· SHO option 4. In the serving Node B, the rate offset is compared with the currently used rate offset. If the calculated offset is different from the currently used offset, then the new rate offset is transmitted to the UE on a dedicated physical channel.  In the non-serving cells the signalled rate offset can be used to calculate the total received power from the UE for load calculation purposes. It is then assumed that when the non-serving cell decodes the E-DPCCH, finds the used E-TFCI, associates the E-TFCI with a Granted Power Offset, and adds the rate offset to the Granted Power Offset to get the used E-DPDCH power offset. 
In SHO options 1-3, the transmit power is fully controlled by the serving Node B and non-serving Nodes B do not send ILPC commands. In case of SHO option 4, for inner loop power control to work in SHO, the target DPCCH power needs to be transmitted to the non-serving cells. The target could e.g. be determined and updated in the serving cell and signalled to the RNC, which forwards the target to the non-serving cells. The reason why the target should be set in the serving cell is to ensure that reliable detection of the control channels, especially the HS-DPCCH channel, which is only decoded in the serving cell.
Simulation results presented in the next sections are collected for SHO off and SHO options 1-3 only.
Simulation Assumptions
The simulation assumptions used for evaluation of the improved rate adaptation schemes are taken in accordance with the simulation assumptions agreed in [4]. A detailed description of additional scheduling and power control assumptions and a summary of all the assumptions are provided below.

System level simulations are performed for the SINR-based scheduling approach (the 2-loop scheme in Figure 1) in assumption of the TDM scheduling. In particular, only a single UE in each sector in the same TTI is selected for the data transmission and transmits the DPCCH, E-DPCCH and E-DPDCH channels. All other UEs transmit only the DPCCH channel at every TTI. The UE scheduled for the data transmission is randomly re-selected among all associated UEs with the frequency of once per the scheduling period of 10 TTIs. I.e., all associated UEs occupy equal time-domain and RX power resources on average. The UE re-selections (switches) are performed in different sectors asynchronously.

Equal target DPCCH RX powers are set for all the associated UEs. The scheduled UE has fixed E-DPCCH and E-DPDCH gain factors during the whole simulation. The gain factors and the target DPCCH RX power are selected to achieve the target total RoT budget and the required DPCCH pre-receiver Ec/No. The mentioned DPCCH Ec/No is selected according to the link level simulation results [2] and equals to -12 dB as a minimal value sufficient for reliable finger placement, power control measurements, and E-DPCCH decoding.

A separate loop is used to signal the required data rate (E-TFC) for a scheduled UE. The E-TFCs are selected according to the current E-DPDCH post-receiver SINR with a margin driven by the packet reception success (i.e. CRCs) at the current Node B. The marginal loop operates similarly to OLPC in the legacy system with the steps of Δ∙BLERtarget and Δ∙(1 – BLERtarget), where Δ is taken equal to 0.1 dB.
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Figure 1 Operation of 2-loop Rate Adaptation scheme

The lists of system level simulation assumptions for the deployment model and assumptions of the system operation are provided in Table 1 and Table 2 respectively.

Table 1. Deployment model simulation assumptions

	Parameter
	Value

	Deployment scenario
	3GPP Macrocell

	Cell layout
	Wrap-around hexagonal grid, 

19 sites with 3 sectors per site 

	Inter-site distance [m]
	500

	Path loss and shadow fading models
	3GPP

	Node B antenna pattern
	Parabolic

	Node B antenna gain (bore sight) [dBi]
	17

	Node B antenna pattern azimuth width
	70º

	Node B antenna pattern elevation width
	10º

	Node B antenna tilt angle
	10º

	Node B antenna FTB [dB]
	25

	UE antenna pattern
	Omnidirectional

	UE antenna gain [dBi]
	0

	Penetration loss [dB]
	10

	Maximum UE TX power [dBm]
	23

	NodeB noise figure [dB]
	3

	Thermal noise PSD [dBm/Hz]
	-174

	Minimum distance between UT and serving cell [m]
	25

	Carrier frequency [GHz]
	2.0

	Channel model profile
	Ped A, Veh A

	Correlation between the antennas
	0

	User mobility model
	Doppler spectrum

	Users speed [km/h]
	3.0

	User distribution
	Randomly and uniformly distributed over the area

	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. System operation assumptions

	Parameter
	Value

	Transmission modes
	SIMO

	Link-to-system mapping interface
	Effective SINR based

	E-DCH TTI [ms]
	2

	Modulation
	QPSK, 16-QAM

	T2TP [dB]
	10

	Channel estimation
	Ideal

	Pilot SIR estimation
	Ideal

	Node B receiver
	LMMSE with RX diversity

	Number of TX antennas
	1

	Number of RX antennas
	2

	Soft handover
	Disabled or enabled

	Softer handover
	Enabled

	ILPC delay [slots]
	2

	ILPC period [slots]
	1

	ILPC step size [dB]
	±1

	Target BLER
	10% after the 1st transmission attempt

	H-ARQ approach
	Chase combining

	Target RoT [dB]
	6; 15

	Target DPCCH pre-receiver Ec/No [dB]
	-12

	Scheduler
	TDM Round-robin

	Scheduling period [TTI]
	10

	SHO R1a parameter [dB]
	4

	SHO R1b parameter [dB]
	6


Simulation Results

a. Ped A, 3 km/h Channel Model
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Figure 2. Average UE throughput versus average sector throughput for different UE densities (0.0175, 0.25, 1, 4 and 10 UEs per sector), Ped A, 3 km/h channel model
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Figure 3. Relative gains of the average throughput for different SHO options over disabled SHO, Ped A, 3 km/h channel model, the RoT of 6 dB
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Figure 4. Relative gains of the average throughput for different SHO options over disabled SHO, Ped A, 3 km/h channel model, the RoT of 15 dB
Table 3. Average UE throughputs for different SHO options and relative throughput gains of different options over disabled SHO, Ped A, 3 km/h channel model
	RoT
	Option 
	UEs per sector
	0.0175
	0.25
	1
	4
	10

	6 dB
	SHO off
	Average t-put
	6279
	5020
	2650
	734
	249

	
	SHO on,

Option 1
	Average t-put
	6491
	5111
	2678
	752
	249

	
	
	SHO gain
	3.4%
	1.8%
	1.0%
	2.4%
	0.1%

	
	SHO on,

Option 2
	Average t-put
	6452
	5070
	2724
	746
	248

	
	
	SHO gain
	2.8%
	1.0%
	2.8%
	1.6%
	-0.3%

	
	SHO on,

Option 3
	Average t-put
	6492
	5112
	2754
	752
	254

	
	
	SHO gain
	3.4%
	1.8%
	3.9%
	2.5%
	2.0%

	15 dB
	SHO off
	Average t-put
	10473
	8257
	4066
	1061
	401

	
	SHO on,

Option 1
	Average t-put
	10538
	8422
	4105
	1059
	400

	
	
	SHO gain
	0.6%
	2.0%
	0.9%
	-0.2%
	-0.3%

	
	SHO on,

Option 2
	Average t-put
	10555
	8370
	4161
	1076
	396

	
	
	SHO gain
	0.8%
	1.4%
	2.3%
	1.4%
	-1.2%

	
	SHO on,

Option 3
	Average t-put
	10571
	8455
	4168
	1071
	390

	
	
	SHO gain
	0.9%
	2.4%
	2.5%
	0.9%
	-2.8%


b. Veh A, 3 km/h Channel Model
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Figure 5. Average UE throughput versus average sector throughput for different UE densities (0.0175, 0.25, 1, 4 and 10 UEs per sector), Veh A, 3 km/h channel model
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Figure 6. Relative gains of the average throughput for different SHO options over disabled SHO, Veh A, 3 km/h channel model, the RoT of 6 dB
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Figure 7. Relative gains of the average throughput for different SHO options over disabled SHO, Veh A, 3 km/h channel model, the RoT of 15 dB
Table 4. Average UE throughputs for different SHO options and relative throughput gains of different options over disabled SHO, Veh A, 3 km/h channel model
	RoT
	Option 
	UEs per sector
	0.0175
	0.25
	1
	4
	10

	6 dB
	SHO off
	Average t-put
	5755
	4568
	2587
	749
	258

	
	SHO on,

Option 1
	Average t-put
	5910
	4717
	2609
	747
	257

	
	
	SHO gain
	2.7%
	3.2%
	0.8%
	-0.3%
	-0.3%

	
	SHO on,

Option 2
	Average t-put
	5879
	4620
	2630
	744
	258

	
	
	SHO gain
	2.2%
	1.1%
	1.7%
	-0.7%
	-0.1%

	
	SHO on,

Option 3
	Average t-put
	5908
	4760
	2607
	748
	259

	
	
	SHO gain
	2.7%
	4.2%
	0.8%
	-0.2%
	0.4%

	15 dB
	SHO off
	Average t-put
	10130
	7985
	3907
	1070
	405

	
	SHO on,

Option 1
	Average t-put
	10167
	8034
	4012
	1064
	401

	
	
	SHO gain
	0.4%
	0.6%
	2.7%
	-0.6%
	-1.0%

	
	SHO on,

Option 2
	Average t-put
	10158
	7905
	3973
	1068
	399

	
	
	SHO gain
	0.3%
	-1.0%
	1.7%
	-0.2%
	-1.4%

	
	SHO on,

Option 3
	Average t-put
	10186
	8050
	4032
	1051
	398

	
	
	SHO gain
	0.6%
	0.8%
	3.2%
	-1.8%
	-1.6%


The presented simulation results demonstrate that for Ped A, 3 km/h and Veh A, 3 km/h channel models and for the target RoT values of 6 and 15 dB the performance of all SHO options is close to the performance of disabled SHO. Small gains of up to 2-4% are and losses of down to -2% are only observed in different cases. The conclusion is made that the considered SHO options 1-3 demonstrate similar performance.

5.4.2.1.2

SHO for 3-loop Rate Adaptation

The ILPC1 depicted in the lower part of Figure 8 adapts DPCCH SIR on a slot basis using legacy TPC UP/DOWN commands. The ILPC2 in Figure 8 adapts the total received power from the UE using total power UP/DOWN commands. The total received power measurements in NodeB can be done by first measuring the power of the DPCCH. If the Node B is the only cell in the active set, then by using knowledge of the power commands transmitted to the UE and the TPC loop delay, the Node B can compute the power offset of the E-DPCCH and E-DPDCH channels and compute the total received power.  This of course requires that the exact procedure for how the UE recalculates the power of DPCCH/E-DPCCH/E-DPDCH based on power control commands is well defined. The target total received power needs to be transmitted to the non-serving cells for the ILPC2 control, e.g. signalled from the RNC.
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Figure 8. Operation of 3-loop Rate adaptation scheme

In the case of soft handover, the UE combines the power control commands (SIR control and Total received power control) from many NodeBs. Therefore, in soft handover, the NodeB does not know what power commands the UE actually has used to derive the new DPCCH/E-DPCCH/E-DPDCH power offsets. One way to solve this issue could be that the UE relays back the actual used power commands to the NodeBs when it is in soft handover. Other ways to handle this issue could be envisioned. In case the power offset information is not available or cannot be derived the serving cell could signal the granted rate (Absolute grant minus grant offset) to the non-serving cell. 

The rate offset calculation depicted in the upper part of Figure 8 can be done either in the Node B alone or, as proposed in this contribution, in the RNC when the UE is in soft handover. 

The rate offset calculation can be based on for example BLER statistics and/or SNR-SINR difference. In the case when rate offset calculation is based on BLER statistics then one solution is to increase or decrease the rate offset depending on if BLER is higher than the desired target or not. The UE then lowers/increases the rate but maintains the relative power of data vs control.  

One example how the rate offset calculation can be done when implemented in the NodeB is described below. Every TTI a received data block is decoded and a CRC check tells if the block was correctly decoded or a HARQ retransmission needed. If the received data block was an initial transmission, then the following rate offset update is made

if CRC OK

   Rate Offset = Rate Offset +Step_Size * BLER_TARGET

else

   Rate Offset = Rate Offset – StepSize*(1-BLER_TARGET)

end

The rate offset is quantized and if the calculated quantized rate offset is different from the currently used rate offset, then the new rate offset is transmitted to the UE on a dedicated physical channel.  

When the UE is in soft handover the rate offset calculation function is preferably done in the RNC since only the RNC has the full knowledge about the HARQ retransmission performance from all cells in the active set. 

New signalling could be defined between RNC and the NodeBs in the active set to carry the rate offset information.  

In either case, the rate offset calculation logic above would need to be modified slightly because the RNC is not immediately informed when the NodeB decoding fails (CRC not OK). Instead the NodeB notifies the RNC once it has correctly received the block, and adds information to RNC about how many HARQ transmissions that were needed. 

So when a block is received in the RNC it is checked how many transmissions were needed. 

If, the number of transmission attempts > target number of transmissions, then 

   Rate Offset = Rate Offset - Step_Size *(1-BLER_TARGET)

else

   Rate Offset = Rate Offset+ Step_Size*BLER_TARGET

end

The rate offset is quantized and if the calculated quantized rate offset is different from the currently used rate offset, then the new rate offset is transmitted to the NodeBs in the active set.

----------------------------------------------------------------- Text End -----------------------------------------------------------------
3 Conclusion

Since different SHO options (1-3) have practically no impact on the system performance, complex SHO options (like option 3) requiring additional signalling and more complex system procedures demonstrate no benefits relative to the simplest options (1-2). Thus, SHO may be either not supported for the improved rate adaptation techniques or the legacy architecture (with ACK/NACK feedback but with no ILPC power control from non-serving Nodes B) may be inherited without a negative impact.
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