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1 Introduction 

In RAN#74bis, early Serving Cell Change towards LPN [1] was mentioned as an alternative solution to E-DCH decoupling to solve UL control channels issues in Hetnet scenarios. In this contribution, we elaborate on different advantages and disadvantages of both concepts.
2
Comparison of E-DCH decoupling and early Serving Cell Change towards LPN
2.1
Advantages of both concepts and problems solved
As pointed out in [1], [2] and [3], both E-DCH decoupling and early Serving Cell Change (SCC) allow to solve the control channels reliability issue for UL operation for SHO UEs. By transferring the UL control from macro to LPN, the challenges associated with the control information reception for UL operation in the serving cell are solved. The reception of the following channels is guaranteed (comparing to the case when the macro was the serving cell in the uplink) in the now serving LPN cell: UL DPCCH (pilot, TFCI), E‑DPCCH, E-DPDCH (SI), S-E-DPCCH.

In addition, this UL transfer gives the LPN the ability to manage its RoT resource in a more stable way avoiding overshoots and fairly allocate the uplink grants to UEs under it [4]. This translates into more efficient UL scheduling by directly controlling the RoT grant at the same Node B that performs data reception. When applied correctly, the decoupled UEs see a better throughput inside the LPN while not impacting the UL RoT of the Macro.
However, both ideas present some HSUPA DL control channels issues. After E-DCH decoupling or early SCC, the HSUPA DL control channels (E-AGCH, E-RGCH, E-HICH, F-DPCH) should be received in the area where macro DL signal is stronger than LPN DL signal, especially if CIO is used in the LPN. In case of E-DCH decoupling for TTI 10ms, a small power overhead is required according to [5]. In case of E-DCH decoupling for TTI 2ms, the power overhead is larger according to [6] but it is still acceptable up to around 6dB CIO. For CIO 9dB and larger, the required power overhead could be significant. The largest power overhead is from E-AGCH channel which requires significant power after E-DCH decoupling, especially for larger CIO values. However E-DCH decoupling for large CIO is not practical due to high interference towards macro as presented in [4]. The same conclusions apply for the required power overhead for HSUPA DL control channels in early SCC. 
From an UL throughput perspective, both E-DCH decoupling and Serving Cell Change are expected to perform the same. For more concrete results, refer to [4], [7] and [8].
From a DL throughput perspective, and assuming ideal control channels (HS-SCCH and HS-DPCCH) reception, the performance of early SCC can be aligned with the one of E-DCH decoupling by adjusting the CIO and SHO thresholds. Assuming a SHO threshold of 4.5dB for event 1D and CIO of 3dB, the DL performance of SCC would be similar to the performance of E-DCH decoupling with SHO threshold of 0dB for event 1D and CIO of 7.5dB. It can be observed in Figure 1 and Figure 2 that it is recommended to operate SCC with more moderate CIO settings in comparison with E-DCH decoupling due to the extra offloading aggressiveness and degraded cell edge SINRs created by an early serving cell change of 4.5dB. Note that the simulations were performed for Type 3i receiver at the UE (see Table 1 for detailed simulation assumptions).     
Table 1.  Downlink system level simulation assumptions

	Parameters
	Values and comments

	Numbers of UE per Macro Cell
	16 UEs

	The deployment of LPNs
	Co-channel with Macro cells

	Maximum Tx Power of LPNs
	30dBm

	Number of LPNs in a Macro cell
	4

	Dropping criteria for LPNs
	Randomly and uniformly distributed within a Macro cell

	Dropping criteria for UEs
	1/2 Hotspot

	CIO of LPN
	0dB, 3dB, 6dB, 9dB

	UE receiver
	Type3i

	Total HS-DSCH power
	80% of Node B Tx power

	Total overhead power
	20% of Node B Tx power

	SHO threshold used for serving cell change
	4.5dB


Figure 1. Throughput gains for Hetnet over macro only for different CIO configurations. This would correspond to the DL gains achieved for E-DCH decoupling for different CIO values


[image: image1.png]Gain over macro only (%)

~
I
o

N
s}
S}

-
@
o

100

@
o

o

&
o

DL throughput gains for Hetnet with SCC
(Serving Cell Change)

W Average
B Median
W Edge
T T T
Cl0=0 Clo=3 Clo=6 ClOo=





Figure 2. Throughput gains for Hetnet with early SCC over macro only for different CIO configurations. This would correspond to the DL gains achieved for early SCC for different CIO values
2.2
Advantages of Serving Cell Change over E-DCH decoupling
It has been brought to attention in [9] the fact that the reception of HS-DPCCH in the DL macro serving cell may be an issue for SHO UEs in Hetnet scenarios. The influence of the LPN by powering down the UL transmission for those UEs can create some reliability issues for UL DPCCH and HS-DPCCH reception in the macro cell. It is needed to further investigate this issue in order to quantify the impact in DL performance and to study the potential of boosting on mitigating the problem in a satisfactory way or whether other solutions are needed, like e.g. ACK/NACK preamble addition or CQI repetition. 
Serving Cell Change avoids these concerns as HS-DPCCH should be correctly decoded by the LPN instead of the previously DL serving macro cell. Hence, the problem of reaching the DL serving cell with enough quality disappears when the control is transferred to the closer LPN. Another positive feature about Serving Cell Change is that it does not require changes at the UE side.
2.3
Disadvantages of Serving Cell Change versus E-DCH decoupling

As pointed out in [1], an early serving cell change towards the LPN implies nominating a cell, which may not be the strongest, as the serving cell. Therefore, those SHO UEs for which an early serving cell change is triggered will experience a poorer DL from the serving LPN than the macro cell, in contrast with the better quality DL that would be kept from the macro in case E-DCH decoupling would be applied. It could be argued that this early change can be viewed as a desirable feature, as an LPN cell expansion and traffic uptake mechanism, but the compromise between offloading and SINR degradation should be carefully considered in this context. Some NAIC mechanisms could be used [9]. 
Separation of the serving cell on the DL and UL is attractive in scenarios where the LPN is the stronger cell in the uplink while the macro is the stronger cell in the downlink. SCC does not fulfill this requisite for DL, where the LPN serving cell is weaker than the macro, which leads to some degradation in HS-SCCH and HS-DSCH SINRs. This problem is not present for E-DCH decoupling, as in the SHO area in which the macro DL is stronger the macro cell continues being the DL serving cell although the UL is transferred to the LPN.

HS-SCCH performance in Hetnet has been studied in contributions like [10], where in Tables 3-4 it was pointed out that using single receive antenna, the 1% BLER target of HS-SCCH cannot be met when CIO ≥ 3dB for most of the cases studied. It should be noticed that in early SCC, the effective CIO experienced by SHO UEs for which the serving cell change was applied is up to the CIO configured for the LPN plus the threshold for event 1D (=1A in case of early SCC), e.g. the effective CIO would be 7.5 dB in case the LPN uses CIO 3dB and serving cell change happens at the same time as active set update with event 1A threshold equal to 4.5dB.

Under the extended effective CIO imposed by early SCC, the reliable performance of HS-SCCH requires a large portion of transmit power from the serving NodeB. When HSDPA data in the LPN is scheduled to transmit in parallel with HS-SCCH, F-DPCH and E-AGCH, the energy requirement of control channels could become the bottleneck of the system as CIO increases. To avoid these problems, small CIO values and SHO thresholds could be configured for early SCC, but then the benefits of moderate offloading would be sacrificed.
Another issue of early serving cell change mentioned in [1] is related to the amount of extra occurrences of events 1D and the signaling associated to them. It can be accomplished as part of active set update, but whereas E-DCH decoupling requires only UL reconfiguration as shown in Figure 3, early SCC needs to reconfigure both DL and UL. SCC involves sending a configuration message to the UE with the UL and DL configuration sent in the same message, typically using 40 bytes. E-DCH decoupling only needs UL configuration, meaning that the message size is shorter. It is also possible that E-DCH decoupling is triggered similar to E(nhanced)-SCC signaling i.e. using a HS-SCCH order from macro to decouple the UE (pre-configuration is sent to the UE during ASU message like E-SCC).

Figure 3. Signaling flow example where the RNC reconfigures the macro and LPN during an Active Set Update procedure.
Figure 4 shows the comparison of number of 1A events versus 1D events for different UE speeds in a mobility based simulation with one hour duration. For early SCC, it can be assumed that the total number of 1D events will match (or nearly match) the number of 1A events. Note that for high speeds this increase in 1D events and the associated signaling can be significant.

The simulation parameters used to generate Figure 4 are shown in the following table.  
Table 2.  Mobility simulation assumptions
	Parameters
	Values

	Number of LPNs per sector
	4

	Simulation time
	1 hour

	TMeasurementPeriodIntra
	200ms

	Layer3FilterParameterK
	3

	Max active set size
	3

	1A TimerToTrigger
	320ms 

	1B TimerToTrigger
	640ms

	1C TimerToTrigger
	320ms

	1D TimerToTrigger
	320ms

	1A ReportingRange (R1a)
	4.5dB

	1B ReportingRange (R1b)
	4.5dB

	1A Hysteresis (H1a)
	0 dB

	1B Hysteresis (H1b)
	0dB

	1C Hysteresis (H1c)
	1dB

	1D Hysteresis (H1d)
	1dB

	CIO
	0

	NetworkDelay
	100ms

	EcI0ThresholdForReceiveRRC
	-23dB

	Ping-pong handover period
	1 sec
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Figure 4. Number of 1A and 1D events for different UE speeds in a basic Hetnet scenario with 4 LPNs per macro sector and one hour simulation time. For early Serving Cell Change, it can be assumed that the number of 1D events will match the number of 1A events
The increase in number of events 1D will have a twofold negative impact: the increased signaling and the throughput losses in mobile UEs originated from buffer data loss in HSDPA, in the cases when it is needed to resend the data packets intended to be served by the original DL serving cell to the new DL serving cell. A Serving Cell Change is a hard handover for the DL ongoing data transmission from the serving cell, which will have to stop in order to be reconfigured towards the new target cell. HSDPA SCC break times typically are less than 200 milliseconds. For high throughput UEs this break may result in loss of application throughput during the SCC procedure. This may have a negative impact on throughput performance depending on UE mobility state. Additionally, it is needed to consider that the effective application throughput may be degraded even more since on the TCP/IP layer many breaks in the underlying transmission may imply even further throughput decrease.  
It should be also considered that early SCC together with high CIO may cause instability in the control signaling between the LPN and the UE, potentially resulting in a radio link failure.
2 Conclusions
The Serving Cell Change (SCC) approach proposed in [1] has been discussed together with E-DCH decoupling. Both methods provide benefits and drawbacks depending on the considered scenario. The main problem that both approaches solve is the SI reception issue, by transferring to the LPN the power control, scheduling and data reception functions in the uplink. The UL data throughputs that can be achieved by the two concepts are expected to be the same.
E-DCH decoupling and SCC can provide similar DL results when they are optimally tuned, however for SCC the extra HS-SCCH overhead and the throughput losses on the application layer caused by an increased number of events 1D are a factor to consider and should be quantified. 
 Keeping the UL and DL serving cell in one entity as proposed by SCC may alleviate some reliability problems associated to UL channels involved in HSDPA operation (UL DPCCH and HS-DPCCH) occurring during E-DCH decoupling. 
Proposal: It is proposed to consider both approaches as valid alternatives to solve the UL SI reception problem in Hetnet scenarios and to further discuss and study the advantages and drawbacks of both concepts with respect to other aspects of Hetnet operation.
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