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1
Introduction
HetNet environment is very challenging in terms of efficient interference management for soft handover UEs between a macro and LPN cell. The challenges related to this situation have been described in [1] and [2] where the discussed issue was the pathloss vs. power difference between the scheduling node (serving macro cell) and the typically close to UE LPN, effectively receiving most of the UE UL traffic without sufficient means to control this transmission. During the RAN1 #74-bis [3] detailed analysis on E-DCH decoupling concept was introduced covering motivation, potential benefits and challenges with possible changes required in the standard on the top. One of the crucial aspects of the E-DCH decoupling is the reliability of the DL control channels which will be sent by the LPN. 
In case of TTI 10 ms the DL control channels reliability was analyzed in paper [4].  The conclusion of that analysis is that small power overhead is only required to achieve reliable reception of those channels. In this contribution we would like to provide an analysis considering HSUPA DL control channels reliable reception in case of E-DCH decoupling with TTI 2 ms and compare the possible overhead with legacy solution. 
2
HSUPA DL control channels reception in case of E-DCH decoupling
On the figures 1 and 2 below the transmission of DL control channels was depicted with regards to the E-DCH decoupling disabled and enabled in the system.
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Figure 1, E-DCH decoupling off - the macro cell is the UL and DL serving cell

When the E-DCH decoupling is disabled the macro acts as the serving cell in DL and UL direction. Hence, the E-AGCH, serving E-RGCH, E-HICH and F-DPCH channels are sent from this cell. The macro is the strongest DL cell for SHO UEs which are considered for E-DCH decoupling so there are no problems with reliability of those channels. 
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Figure 2, E-DCH decoupling on - the macro cell is the DL serving cell and LPN is the UL serving cell

When E-DCH decoupling is enabled for those UEs the E-AGCH, serving E-RGCH channels are sent from LPN. In this case the LPN is the weaker cell in the DL direction for those decoupled UEs. As a result the previously reserved for those channels DL power will be insufficient and should be increased. The required increase of DL power is analyzed in the subsequent sections for E-DCH decoupling assuming a 2ms TTI configuration.
It could be noted that F-DPCH and E-HICH channels are sent from serving and non-serving cells. Therefore with or without E-DCH decoupling the requirements for LPN power overhead for those channels are the same. However we analyzing the required power overhead for these channels in this document to have full view of total power overhead required for HSUPA DL control channels in case of E-DCH decoupling.
3
Link Level Simulation of DL control channel reliability

Due to the fact that the macro cell is still acting as the DL serving cell the reliable reception of DL control channels sent by LPN was questioned. In order to investigate this potential issue the following channels were simulated in the link level simulation based on the following assumptions:
Table 1. Link Level simulation assumptions

	Parameter
	Value

	TTI length
	2 ms

	Transmission mode
	SISO (1 x 1)

	Channel model
	AWGN

	Channel estimation
	Ideal

	H-ARQ messages
	ACK, NACK, DTX


This section provides MER versus RX Ec/No (chip SINR) dependences. The SINR is introduced here as a ratio of the useful power of the considered channel to the total power of interference and noise at the equalizer output.

3.1 E-AGCH

This channel carries absolute grants.

If a message is decoded unsuccessfully, the grant change is ignored and the existing grant is kept.
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Figure 3. E-AGCH MER, obtained with an LLS
In the calculation we assume that Ec/No in the level about -23 dB is required for E-AGCH BLER=1%
3.2
F-DPCH

This channel carries TPC commands.

 The probability of an error in a single TPC command from one node (MER) depends on the SNR and can be calculated analytically
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where erfc is the complementary error function.
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Figure 4. TPC MER, calculated analytically
In the calculation we assume that SINR in the level about -22 dB is required for F-DPCH MER 4%.
3.3 E-HICH

This channel carries acknowledgement indicator for UL data. 
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Figure 5. E-HICH MERs, calculated analytically
The error type 3 (DTX=>ACK) has higher probability than NACK=>ACK so we assume that about -69 dB of SNR for E-HICH is required to have 0.5% of error probability for all error cases.
3.4 E-RGCH
Serving E-RGCH consists of 3 slots and the possible messages are UP (+1), DOWN (-1) and HOLD (0).

Probabilities of the corresponding errors can be calculated analytically. The calculations are done with the assumption of minimization of the summary probability of an error. The probabilities are symmetrical pairwise.
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Figure 6. Serving E-RGCH MERs, calculated analytically
The green curve (consider UP->HOLD) goes to lower MER at low SINRs, because at those SINRs, UP command has higher probability to be detected as DOWN than to be non-detected (HOLD).

We assume that about -75 dB of SNR for E-RGCH is required to have 1% of error probability for all error cases.
4 Downlink geometry SINRs from the associated Macro node and the strongest LPN

In figures 7, 8 and 9 the DL geometry SINR simulation results for CIO 3, 6 and 9 dB and 4 LPNs with 30 dBm have been provided under the assumption that all nodes have been transmitting with full DL power. The provided SINR plots present downlink geometry for UEs in SHO area only. For all CIO cases the macro DL power presents much stronger than LPN. Based on these results one can calculate the required level of control channels boosting to obtain the same reception reliability when LPN transmits those channels. The boosting is calculated at the level of 5% from the DL geometry SINR plot and the values are following:
· CIO 3 dB: power boosting is about 7 dB

· CIO 6 dB: power boosting is about 10 dB

· CIO 9 dB: power boosting is about 13 dB
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Figure 7. Downlink geometry SINRs from the associated Macro node and the strongest LPN plotted over SHO UEs, the LPN power of 30 dBm, 4 LPNs per sector, the CIO of 3 dB
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Figure 8. Downlink geometry SINRs from the associated Macro node and the strongest LPN plotted over SHO UEs, the LPN power of 30 dBm, 4 LPNs per sector, the CIO of 6 dB
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Figure 9. Downlink geometry SINRs from the associated Macro node and the strongest LPN plotted over SHO UEs, the LPN power of 30 dBm, 4 LPNs per sector, the CIO of 9 dB

5 Power overhead calculations

In this section the power overhead calculations are presented in Table 2, 3 and 4 for different values of CIO, i.e. 3, 6 and 9 dB. The calculations have been done based on requirements from link level simulation (section 3) and power boosting calculated from DL geometry (section 4).

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 2. 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 3. 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 4. 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


7
Conclusions

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. However the CIO 9 dB is also not practical from LPN UEs interference towards macro which is presented in paper [5]. In case of TTI 10 ms the required power overhead is much lower which was shown in paper [4] so E-DCH decoupling could be used for much larger CIO values.
The largest power overhead is from E-AGCH channel which require significiant power after E-DCH decoupling especially for larger CIO values. The E-RGCH channel is very roboust so the required power overhead is not significiant. 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 are 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.

References

[1] R1-132529, “Introducing E-DCH decoupling in HetNet deployments”, NSN
[2] R1-133749, “E-DCH decoupling Results in HetNet environment”, NSN

[3] R1-134747, “Detailed analysis of E-DCH decoupling”, NSN
[4] R1-134773, “Performance of Control Channels for E-DCH De-Coupling”, QUALCOMM Incorporated

[5] R1-135712, “System Level Simulation Results and SI Reliability Results for E-DCH Decoupling”, NSN
