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1	Introduction
[bookmark: OLE_LINK6]During the Hetnet WI, a number of contributions were presented that showed the benefits of E-DCH decoupling in Hetnets [1-6]. As a result, E-DCH Decoupling was agreed to be introduced in Release 12 as part of the Hetnet WI in RAN1#76. 
One of the aspects of E-DCH decoupling that has not been fully discussed is the reliability of the F-DPCH from the serving E-DCH cell (LPN). When CIO values are large, the F-DPCH from the LPN was shown to be not as reliable [7] even with the LPN being the serving HS-DSCH cell. When the Macro is the serving HS-DSCH cell, the performance impact due to the F-DPCH reliability is quantified in this contribution. A way forward to improve performance is suggested that also has an impact in the out-of-sync procedure and a suitable modification to the OoS procedure is suggested.
2	F-DPCH power Control in E-DCH Decoupling
[bookmark: OLE_LINK222]E-DPCH Decoupling has been shown to be most beneficial in UL/DL imbalance scenarios in Hetnets when the UL to the LPN is expected to be much stronger than the UL to the Macro. Additionally, the DL from the Macro is also much stronger than the DL from the LPN. 
When E-DCH decoupling is enabled, the UL data reception is performed mainly by the LPN which also provides the grants for the UL operation. This has been shown to substantially improve SI reception including the happy bit via the E-DPCCH channel and also benefits system robustness and performance. 
Since the UL to the LPN is stronger and most of the data reception is performed by the LPN, it follows that the primary power control of the UE transmit power is also managed by the LPN even though the UE is in SHO. However, the F-DPCH received from the LPN is not entirely reliable since the TPC commands transmitted on the UL are based on the reception quality of the F-DPCH received from the Macro. This is illustrated in Figure 1. 
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Figure 1: E-DCH Decoupling where the F-DPCH from the Macro is power controlled by the UE
A less than reliable F-DPCH from the LPN would lead to inefficiencies in the UE’s transmit power levels. This causes additional interference on the uplink thereby impacting UL capacity at both the Macro and the LPN. In addition, this also affects the UE’s battery life. Therefore, reliability of the F-DPCH from the LPN is essential to robust UL performance. Consequently, the F-DPCH transmitted from the LPN should be power controlled by the UE and the TPC commands transmitted on the UL should be based on its reception quality. This is illustrated in Figure 2. 
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Figure 2: E-DCH Decoupling where the F-DPCH from the LPN is power controlled by the UE
The main benefit of the UE power controlling the F-DPCH from the LPN is improved macro diversity gain. This can manifest itself in the form of reduced UE Transmit power levels, increased UL capacity or even improved coverage. This is demonstrated through LAB tests using a practical UE and is shown in Table 1.
The testing was conducted using a fixed TBS size for UL transmission, i.e., the scheduler was not involved in the tests. This was to ensure that no effects from the scheduler impacted the results. Other salient LAB settings used for the tests are as follows:
· Macro Transmit Power: 43dBm; LPN Transmit Power: 30dBm
· PA3 channel
· Min/Max Ec/Ior for F-DPCH: -30dB to -10dB
· Target BER for F-DPCH: 4%
Table 1: Comparison of UE Transmit Power levels in E-DPCH Decoupling
	CIO
	UE Transmit Power [dBm]
	Difference in UE Transmit Power [dBm]

	
	UE power controls F-DPCH from Macro
	UE power controls F-DPCH from LPN
	

	0
	-11.2
	-18.06
	6.86

	3
	-11.4
	-17.88
	6.48

	6
	-11.6
	-18.1
	6.5



As seen in Table 1, there is a reduction in the UE transmit power levels of over 6dB for different CIO levels when the F-DPCH from the LPN is power controlled by the UE. This reduction is primarily due to the F-DPCH power control from the LPN as all other parameters have been kept the same. This reduction in Tx power levels from the UE could also be used to improve UL throughput based on particular scheduler implementations. 
The improved F-DPCH performance from the LPN would also lead better reception quality of the E-HICH channel since the E-HICH is typically pegged to the power setting of the F-DPCH. This leads to better macro diversity performance. Table 2 shows the misdetection performance of the E-HICH channel.


Table 2: Comparison of E-HICH Detection performance when E-DCH Decoupling is enabled
	CIO
	UE power controls F-DPCH from Macro
	UE power controls F-DPCH from LPN

	
	LPN E-HICH Ec/Ior [dB]
	LPN E-HICH missed 
detection
	LPN E-HICH Ec/Ior 
[dB]
	LPN E-HICH missed 
detection

	0
	-16.09
	14.06%
	-23.58
	1.23%

	3
	-14.09
	16.2%
	-21.14
	0.48%

	6
	-14.46
	17.15%
	-18.88
	0.38



It can be seen from Table 2, that the E-HICH transmit Ec/Ior reduced by 4-7dB while the LPN misdetection percentage improves significantly. Since most of the UL data decoding is expected to be performed by the LPN, this improvement in misdetection can be expected to improve UL performance significantly. Additionally, the reduction in DL transmit power would also result in more available power for HS-PDSCH transmissions. It should be noted that in the tests conducted, the power offset of E-HICH relative to F-DPCH at the LPN was kept the same in both cases.
Based on the above analysis, the following is proposed:
Proposal 1: The F-DPCH from the serving E-DCH cell is power controlled by the UE when E-DCH Decoupling is enabled.
3	Out-of-Sync Operation in E-DCH Decoupling
The UE declares out-of-sync if the quality of the F-DPCH channel is less than a threshold (Qout) over 160ms or 240slots. While the UE is in out-of-sync, its UL transmitter is also shut off since the UL transmit power cannot be set reliably. If the transmitter were to be kept on and the TPC commands transmitted on the F-DPCH are erroneously decoded, the UL transmit power may increase to very high levels causing excessive interference on the UL and jeopardizing the system. 
In the case of E-DCH decoupling, the UL transmit power is primarily determined by the LPN TPC commands carried on the associated F-DPCH. In addition, if we assume that the F-DPCH from the LPN is power controlled by the UE, then, in order to maintain accurate UL transmit power levels the out-of-sync procedure should be based on the F-DPCH transmitted from the LPN. This operation would then mirror the legacy out-of-sync operation where the reliability of the F-DPCH is maintained by the UE and out-of-sync is declared only under adverse conditions. If the purpose of E-DCH decoupling is to improve UL performance, maintenance of integrity of the UL transmit power is equally critical. 
3.1	SRBoHS
When SRBoHS is configured along with E-DCH decoupling, the Macro would transmit the SRB on the DL and the LPN is likely to receive the SRB on the UL. If the out-of-sync procedure is based on the F-DPCH from the LPN, then the Macro could use the CQI reports to assess the quality and reliability of the SRB transmissions since it cannot rely on the out-of sync procedure. This is quite similar to the current mode of operation, where the Node B would need to realize that the UE is not able to receive anything in DL by detecting that the UL transmissions have stopped and CQIs don’t exist.
In adverse conditions when the Macro DL has failed completely, the CQI reports would essentially be “zero”. This would indicate to the Macro that the link is not functional. In the worst case, since no packets would be transmitted on the DL, RLC resets would trigger a Radio Link Failure and the call would be dropped by the RNC as intended. Therefore, there aren’t any concerns with SRBoHS operation when the out-of-sync is based on the F-DPCH from the LPN, and as desired, the loss of SRB link from the macro would eventually lead to RLF even if the LPN DL was still in-sync. Due to the considerations discussed above, the following is proposed:
Proposal 2: The Out-of-Sync procedure is based on the F-DPCH from the E-DCH serving cell when E-DCH decoupling is enabled.
Incidentally, Proposal 2 also happens to be in-line with legacy behaviour as well, as even though the OoS link is defined to be the serving HS-DSCH cell, that cell is also the serving E-DCH cell when E-DCH is configured.
[bookmark: OLE_LINK79]4	Conclusions
In this contribution, power control and out-of-sync aspects of E-DCH decoupling were discussed. Results showing the benefits of the UE power controlling the F-DPCH from the serving E-DCH cell instead of the serving HS-DSCH cell were shown when E-DCH decoupling was enabled. In addition, consequences with regards to the out-of-sync procedure were also discussed. The following is proposed:
Proposal 1: The F-DPCH from the serving E-DCH cell is power controlled by the UE when E-DCH Decoupling is enabled.
Proposal 2: The Out-of-Sync procedure is based on the F-DPCH from the E-DCH serving cell when E-DCH decoupling is enabled.
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