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1
Introduction

Present text proposal summarizes the E-DCH decoupling simulation results within the Study Item on UMTS Heterogeneous Networks approved during the RAN#57 meeting [1]. The E-DCH decoupling for the HetNet deployments has been presented at RAN1#73 meeting in [2] as a possible solution intended to solve the problems caused by the UL-DL imbalance. The approach was further developed in [3]. Simulation results for evaluation of the technique are provided in [4], [5], [6], [7], [8] and [9]. 
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7.1.3.6.1 
Evaluation of E-DCH decoupling 
Throughput Performance

Figure X illustrates the DL/UL serving regions of Macro and LPN for HetNet baseline, E-DCH decoupling and early Serving Cell Change (SCC). In the early SCC scenario an LPN cell is always selected as the HS-DSCH and E-DCH serving cell whenever the active set comprises Macro and LPN cells. Point A and point B are the UL boundary and DL boundary, respectively. Point C and D are the SHO boundaries of Macro and LPN. The active set includes both Macro and LPN for the UE located in the SHO region.
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Figure X: DL/UL serving regions of Macro and LPN for various scenarios (CIO = 0dB)
HetNet baseline: Point B is the downlink serving cell change point for HetNet baseline, also for the uplink. The UE receives data and UL grants both from LPN when moving across the Point B from Macro to LPN.

E-DCH decoupling: Point B is the downlink serving cell change point for E-DCH decoupling solution. That means the UE may change the serving cell at Point B. CD is the SHO region. At point C the event 1A is triggered and LPN is the UL serving cell of the UE when the UE moves towards the LPN. In the CB region, the decoupling UE will receive data from Macro and UL grants from LPN. But for the HetNet baseline the UEs in the CB region will only receive UL grants from macro. 

Early SCC - The UE reports event 1A at point C, and also changes the serving cell. In the CB region, the UE will receive both data and UL grants from LPN. For uplink, they have the same behavior for early SCC and E-DCH decoupling UE and their uplink serving cell change point is at Point C. This means for early SCC, the serving cell change is triggered by event 1A. Hence, the early SCC could be seen as event 1A-triggered SCC.
From Figure X it can be seen that DL serving cell change point for HetNet baseline and E-DCH decoupling is the same, and DL performance is the same. Then only DL performance of E-DCH decoupling and early SCC is compared.
The difference on uplink of E-DCH decoupling and early SCC is the HS-DPCCH reception problem. For early SCC, the UE performs serving cell change when reporting event 1A. LPN is the serving cell of both DL and UL. Macro does not need to receive HS-DPCCH and the HS-DPCCH reception issue for baseline HetNet discussed in clause 7.1.1 does not exist for early SCC, while for E-DCH decoupling the same issue as in HetNet baseline exists.
The baseline and early SCC can be applied to legacy terminals.
Table X shows throughput results from [1] and [2] for R1a = 3dB for HetNet baseline,, early SCC and E-DCH decoupling. The term of D-UE (Decoupled UE) refers to the UEs located in the SHO zone. 
Table X. Throughput for baseline, early SCC and E-DCH decoupling (R1a = 3dB) 

	
	Baseline / Early SCC / E-DCH decoupling

	CIO [dB]
	0
	3
	6
	9
	12

	DL average tput [Mbps]
	- / 1.70 / -
	1.70 / 1.70 / 1.70
	1.70 / 1.62 / 1.70
	1.62 / 1.59 / 1.62
	1.59 / - / 1.59

	DL cell edge tput [Mbps]
	- / 0.32 / -
	0.32 / 0.34 / 0.32
	0.34 / 0.22 / 0.34
	0.22 / 0.11 / 0.22
	0.11 / - / 0.11

	UL average tput [Mbps]
	- / - / -
	0.85 / 0.96 / 0.95
	0.97 / 1.09 / 1.08
	1.09 / 1.16 / 1.14
	- / - / -

	UL D-UE tput [Mbps]
	- / - / -
	0.65 / 1.66 / 1.56
	0.59 / 1.85 / 1.81
	0.60 / 1.66 / 1.60
	- / - / -


For HetNet baseline and E-DCH decoupling, 6dB CIO seems to be an optimal configuration for both DL and UL. Although 9dB CIO provides best UL performance,  DL performance is poor, especially for the edge UE. In addition, the analysis in [3] shows that the quality of F-DPCH transmitted from the non-serving LPN is unreliable with a CIO larger than 6dB. For early SCC, 3dB CIO is the preferred value. Although UL throughput is higher for CIO of 6 or 9dB, these values would lead to low LPN UE geometry, penalizing DL cell edge throughput. The baseline or early SCC cannot achieve the best performance for DL and UL simultaneously with a single CIO configuration. . It is noted that the impact of HS-DPCCH reliability for E-DCH decoupling is taken into account in the simulation results in Table X. Specifically, the value of the power offset for HS-DPCCH is 10dB for E-DCH decoupling, and 0dB for early SCC. The main observations from Table X are as follows:
· Baseline vs. early SCC: Early SCC with CIO=3dB provides a better UL/DL throughput trade-off compared to baseline with CIO=6dB.

· Early SCC vs. E-DCH decoupling: DL throughput is the same for eSCC with CIO=3dB and E-DCH decoupling with CIO=6dB. UL throughput of E-DCH decoupling with CIO=6dB is approximately 10% higher than eSCC with CIO=3dB.
Table Y shows throughput results from [4] for R1a = 4.5dB for all UEs, LPN UEs, Macro UEs with LPN in the Active Set (with E-DCH decoupling those UEs become LPN UEs, but the same classification is kept) and Macro UEs without LPN in the Active Set.
Table Y. Throughput for the baseline and E-DCH decoupling (R1a = 4.5dB) and different CIO values
	E-DCH decoupling
	UE Group
	UL UE throughput for CIO = 3dB / 6dB / 9dB [Mbps]

	
	
	Average
	5%
	Median
	UE percentage [%]

	off
	All UEs
	0.82 / 0.90 / 0.94 
	0.20 / 0.22 / 0.19 
	0.60 / 0.71 / 0.80
	100

	
	LPN UEs
	1.24 / 1.30 / 1.31
	0.20 / 0.46 / 0.53
	1.14 / 1.17 / 1.16
	38 / 47 / 56 

	
	Macro UEs w/ LPN in AS
	1.10 / 0.90 / 0.66
	0.48 / 0.39 / 0.19
	1.01 / 0.80 / 0.57
	13 / 12 / 13

	
	Macro UEs w/o LPN in AS
	0.43 / 0.44 / 0.42
	0.19 / 0.17 / 0.12
	0.38 / 0.39 / 0.36
	49 / 41 / 31

	on
	All UEs
	0.84 / 0.92 / 0.95
	0.17 / 0.15 / 0.04
	0.61 / 0.75 / 0.84
	100

	
	LPN UEs
	1.26 / 1.29 / 1.25
	0.32 / 0.50 / 0.49
	1.14 / 1.14 / 1.09
	38 / 47 / 56

	
	Macro UEs w/ LPN in AS
	1.22 / 1.27 / 1.24 
	0.29 / 0.44 / 0.45
	1.07 / 1.07 / 1.09
	13 / 12 / 13

	
	Macro UEs w/o LPN in AS
	0.40 / 0.38 / 0.30
	0.15 / 0.10 / 0.01
	0.36 / 0.33/ 0.24
	49 / 41 / 31


When comparing the results of E-DCH decoupling on and off at a certain CIO, it can be observed that the edge performance for all UEs is worse and in many cases the average and median throughputs are better when E-DCH decoupling is applied. From Table Y, it can also be seen that the baseline with 6dB CIO has better uplink performance than the E-DCH decoupling on with 3dB.
When considering E-DCH decoupling for various CIO values, it can be observed that the provided simulation results for the UE throughput for the LPN CIO of 3 dB demonstrate a limited impact of the E-DCH decoupling on the overall system performance causing mainly a re-distribution of the budget between SHO, LPN and Macro UEs. It is noted that the impact of HS-DPCCH reliability for E-DCH decoupling is not taken into account in the simulation results in Table Y. For higher LPN CIOs of 6-9 dB, additional gains in total UE average throughput are seen, however a negative impact on the Macro is demonstrated, especially at the average and cell edge performance. The main reason of the throughput loss is the strong interference from SHO UEs served by LPNs to the Macro nodes. Therefore, application of the E-DCH decoupling should be limited to the cases of low CIO values. The E-DCH decoupling application threshold depends on parameters such as LPN power, number of LPNs, number of UEs, etc., and should be independently selected in each case.
Scheduling Information reception reliability results
In case of HetNet and SHO region presented on Figure X an important factor to consider is the UL power control, which will be dominated by the small cell due to lower path loss towards the LPN. As a consequence the Scheduling Information (SI) transmitted on E-DPDCH and E-DPCCH addressing the serving cell may not be correctly received at the serving cell, i.e. UL transmission power regulated by both cells may become too weak to correctly decode UL SI at the serving node B. This issue was studied in details in [7].
The SI reception problem can be alleviated by decoupling the UL channels from the macro cell to the LPN. Since E-DPDCH (Figure 3, 5 and 7 for different CIO values) and E-DPCCH (Figure 2, 4 and 6 for different CIO values) will now be correctly received by the LPN, which is in the role of serving cell, the reliability of SI reception will be assured. 
The problem with reception of UL HSUPA scheduling related information (happy-bit, Scheduling Information) by the serving macro cell is solved. Poor reception of the happy bit which is sent via E-DPCCH in the serving cell can cause worse end-user throughput and in worst case no UL granted rate at all. Poor reception of the in-band SI which is sent via E-DPDCH in the serving cell can consequently cause degraded end-user throughput and in worst case no UL granted rate at all. More details of the problems are described in [8].
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Figure 2. CDFs of the E-DPCCH BLER at the serving Node B for the baseline and HetNet scenarios with the LPN CIO of 3 dB
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Figure 3. CDFs of the E-DPDCH BLER at the serving Node B for the baseline and HetNet scenarios with the LPN CIO of 3 dB
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Figure 4. CDFs of the E-DPCCH BLER at the serving Node B for the baseline and HetNet scenarios with the LPN CIO of 6 dB
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Figure 5. CDFs of the E-DPDCH BLER at the serving Node B for the baseline and HetNet scenarios with the LPN CIO of 6 dB
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Figure 6. CDFs of the E-DPCCH BLER at the serving Node B for the baseline and HetNet scenarios with the LPN CIO of 9 dB
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Figure 7. CDFs of the E-DPDCH BLER at the serving Node B for the baseline and HetNet scenarios with the LPN CIO of 9 dB
The results for SI reception reliability demonstrate that for the E-DCH decoupling disabled, the E-DPCCH and E-DPDCH BLERs at the serving Node B (Macro) for SHO UEs reach 30% for E-DPCCH and 90% for E-DPDCH which is significantly higher than the baseline levels of 10% and 20% correspondingly. Application of the E-DCH decoupling decreases the error probabilities down to the baseline levels for all CIO values because SI is transmitted to the LPN having a stronger UL channel and performing the power control and UL data reception functions. 
7.1.3.6.3 HSUPA DL control channels reliability with E-DCH decoupling

In this section the power overhead calculations are presented in Table x, x and x below for different values of CIO, i.e. 3, 6 and 9 dB. The calculations have been done based on requirements from link level simulation and power boosting calculated from DL geometry presented in [5]. 
The calculations have been done under the following assumptions: 

· 3 dB was added to the power overhead calculation for E-RGCH and E-HICH because those channels are used SF=128 and geometry SINR was calculated for SF=256,
· The F-DPCH is fractional channel and it takes only 2 of 20 bits per slot per UE. The other 18 bits are not transmitted. In this case per one UE the total average power consumption is 10 times lower (10 dB lower),
· The E-AGCH is a shared channel, and only one is transmitted by a node. One E-AGCH channel is used in calculation, if more channels are setup than the power overhead will increase accordingly,
·  The E-HICH, E-RGCH and F-DPCH are dedicated channels so the relative power specified for them are per UE,
· for 3 dB CIO the average number of UEs per non-empty LPN is 1.6, for 6 dB CIO the average number of UEs is 1.7, and for 9 dB CIO the average number of UEs is 1.9 (with the assumption of 8 UEs in the network, 50% UEs in the hotspot, 4LPNs, 30dBm).
Table X. Overhead calculations for CIO = 3db, boosting would be equal to 7dB

	Channel
	Macro is UL serving cell (E-DCH decoupling OFF)
	LPN is UL serving cell (E-DCH decoupling ON)

	
	The relative power to DL Total Power [dB] per one UE
	The percentage overhead of DL total power [%] per one UE
	The percentage overhead of DL total power [%] per average UEs
	The relative power to DL Total Power [dB] per one UE
	The percentage overhead of DL total power [%] per one UE
	The percentage overhead of DL total power [%] per average UEs

	F-DPCH
	-28
	0,1584893
	0,25358288
	-21
	0,7943282
	1,2709251

	E-AGCH
	-19
	1,2589254
	1,2589254
	-12
	6,3095734
	6,3095734

	E-RGCH
	-68
	0,0000158
	0,00002528
	-61
	0,0000794
	0,000127

	E-HICH
	-62
	0,0000631
	0,00010096
	-55
	0,0003162
	0,0005059

	
	Total overhead:
	1,4174937
	1,51263452
	Total overhead:
	7,1042972
	7,581131


Table X. The power overhead for HSUPA DL control channels when macro or LPN is UL serving cell, CIO 6dB, 4 LPNs (power boosting 10 dB)

	Channel
	Macro is UL serving cell (E-DCH decoupling OFF)
	LPN is UL serving cell (E-DCH decoupling ON)

	
	The relative power to DL Total Power [dB] per one UE
	The percentage overhead of DL total power [%] per one UE
	The percentage overhead of DL total power [%] per average UEs
	The relative power to DL Total Power [dB] per one UE
	The percentage overhead of DL total power [%] per one UE
	The percentage overhead of DL total power [%] per average UEs

	F-DPCH
	-28
	0,1584893
	0,2694318
	-18
	1,5848932
	2,69431844

	E-AGCH
	-19
	1,2589254
	1,2589254
	-9
	12,5892541
	12,5892541

	E-RGCH
	-68
	0,0000158
	0,00002686
	-58
	0,0001585
	0,00026945

	E-HICH
	-62
	0,0000631
	0,0001073
	-52
	0,0006310
	0,0010727

	
	Total overhead:
	1,4174936
	1,528491
	Total overhead:
	14,1749368
	15,28491


Table X. The power overhead for HSUPA DL control channels when macro or LPN is UL serving cell, CIO 9dB, 4 LPNs (power boosting 13dB)

	Channel
	Macro is UL serving cell (E-DCH decoupling OFF)
	LPN is UL serving cell (E-DCH decoupling ON)

	
	The relative power to DL Total Power [dB] per one UE
	The percentage overhead of DL total power [%] per one UE
	The percentage overhead of DL total power [%] per average UEs
	The relative power to DL Total Power [dB] per one UE
	The percentage overhead of DL total power [%] per one UE
	The percentage overhead of DL total power [%] per average UEs

	F-DPCH
	-28
	0,1584893
	0,30112967
	-15
	3,1622777
	6,00832763

	E-AGCH
	-19
	1,2589254
	1,2589254
	-6
	25,1188643
	25,1188643

	E-RGCH
	-68
	0,0000158
	0,00003002
	-55
	0,0003162
	0,00060078

	E-HICH
	-62
	0,0000631
	0,00011989
	-49
	0,0012589
	0,00239191

	
	Total overhead:
	1,4174936
	1,56020498
	Total overhead:
	28,2827171
	31,13018462


The total power overhead for HSUPA DL channels in case of E-DCH decoupling for TTI 2 ms is not very significant when CIO is 3 dB (about 7% of power overhead) and 6 dB (about 15% of power overhead). The power overhead for those channels is important for CIO 9 dB (about 30% of power overhead) and larger CIO values. Hence, in order not to consume too much downlink overhead power, E-DCH decoupling should operate at small to moderate CIO settings. 
In case of TTI 10 ms the required power overhead is much lower which was shown in [6] so E-DCH decoupling could be used for much larger CIO values.

The largest power overhead is from E-AGCH channel which require significant power after E-DCH decoupling especially for larger CIO values. The E-RGCH channel is very robust so the required power overhead is not significant. The power overhead in LPN for F-DPCH and E-HICH are the same for cases with or without E-DCH decoupling because UE in SHO must receive those channels from serving and non-serving cell. 

The important note is that the calculated power overhead is required for SHO UEs which were located in LPN cell edge (the worst case). The SHO UEs located closer to LPN require less power overhead. Therefore when power control method is used for HSUPA DL control channels the overall average power overhead could be lower.

Conclusions

Based on the simulation results it can be concluded that E-DCH decoupling improves SI performance and can then be regarded as one solution to resolve the SI reliability reception issue which is present in HetNet deployments. UEs in the SHO region benefit from decoupling DL and UL. Studies indicate that, the average UL system throughput is increased compared to baseline and is comparable with early SCC. This method allows efficient control of the RoT budget in high UL/DL imbalance scenarios which is one of the main bottlenecks for HetNet deployments. It is noted that the throughput results in Tables X and Y do not include the effect of SI reliability, which is assumed to be ideal. With realistic estimation of the SI, the E-DCH decoupling gains over baseline should be higher.
E-DCH decoupling enables the compromise between DL and UL performance for a single CIO value. The early SCC method was evaluated and it can be considered as an alternative way of handling the DL/UL imbalance issue although a single CIO value in this case cannot provide the best performance for DL and UL simultaneously.  Specifically, early SCC with CIO=3dB and E-DCH decoupling with CIO=6dB were found to provide the same DL throughput, while the latter offered a gain of approximately 10% in UL.
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