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Introduction

A work item was approved in RAN#51 [1], for further enhancements to CELL_FACH. One uplink related improvement listed in the WI is on signaling based interference control in CELL_FACH. In this contribution, we propose a simplified scheme which enables cells belonging to the same NodeB to soft combine the UE’s received signal and thereby improving link efficiency as well as reducing interference. 
2. Uplink Interference in CELL_FACH
In current CELL_FACH state, macro diversity (softer handover) on the uplink is not supported. This can potentially lead to uplink interference at neighbor cells if hundreds of smartphone users use CELL_FACH state as a predominant state for data transfer. 

A few observations can be made with regard to lack of macro-diversity in CELL_FACH:

· Cell reselection procedures in the non-cell DCH states (URA_PCH, CELL_PCH, CELL_FACH) are not fast compared to serving cell change procedures in CELL_DCH. Hence, it is quite likely that when a UE initiates a transmission on the uplink in CELL_FACH, the serving cell may not be the strongest cell on the downlink. When the serving cell is not the strongest cell, even in the absence of any uplink imbalance between the serving and neighbor cells, the UE could cause interference to the neighbor cells. 

· Furthermore, even if the serving cell is strongest on the downlink, if an uplink imbalance were to exist i.e. uplink to neighbor cell is stronger than uplink to serving cell, an uncontrollable interference condition could happen at the neighbor cell.

The benefits of UL softer combining are well understood: cells belonging to the same NodeB could potentially combine the UE’s received signal leading to better decoding performance which in turn reduces UE transmit power as well as overall interference. However, the above described softer combining is currently only supported in CELL_DCH state and not in CELL_FACH state.

Hence, as a technique to control interference as well as a technique to improve link efficiency, it is highly advantageous to introduce the capability of softer handover for cells belonging to the same NodeB in CELL_FACH state. 

3. Mechanism for Uplink Softer Combining in CELL_FACH

In order for uplink softer combining to work, the NodeB would need the scrambling code of the UE. For CELL_FACH UEs, a maximum of upto 32 common E-DCH resources with an associated uplink scrambling code could be used by each cell. A neighboring cell belonging to the same NodeB can then perform a blind search on each of these scrambling codes to detect UEs in softer handover area and then perform softer combining. If more than one softer handover cell is supported by each NodeB and especially in the case of RRH deployments this search space is relatively large and hence processing intensive. In addition, not all of these resources will be in use simultaneously and among the ones that are, not all UEs will fall in the softer handover area. In such cases, a UE assisted mechanism can aid the softer handover cell to perform search only if the UE falls in the softer handover area of that particular cell. A layer 1 technique for such an UE assisted mechanism is preferrable in order to avoid layer 3 signaling. A candidate layer 1 based mechanism for the UE to inform a NodeB of cells in the softer handover area is outlined below.
1. Informing CELL_FACH UEs of the other neighbor cells that are capable of softer handover:
Currently a neighbor list is broadcasted for every cell in SIB11. A 1 bit flag per cellID in this neighbor list can be included (added) which specifies if the neighbor cells are candidates for softer handover while in CELL_FACH. Table 1 shows the above, where the new flag that will be included is shown in shaded yellow.

	CellID
	PSC
	SHO cell in CELL_FACH indicator flag

	1
	psc1
	0

	2
	..
	1

	3
	..
	1

	4
	..
	1

	.
	..
	..

	.
	..
	..

	32
	..
	0


Table 1: Example of new neighbor list signaling

2. A technique for the UE to notify the NodeB that it is in softer handover region with one of the cells indicated in the SIB11 neighbor list. 

a. While in CELL_FACH and active (i.e. not in DRX state), the UE can measure the quality of cells indicated in the neighbor list. If the signal quality of any of these cells satisfies a certain criteria, the UE can then choose this cell to be a candidate cell for softer handover. For simplicity, if multiple cells pass the above criteria, the UE can choose the strongest among all the neighbor cells to be the candidate cell. The above criteria could be the same criteria that are used for Event1a reporting in CELL_DCH state. For filtering requirements, an analysis is performed in [2]. 
b. The UE then indicates the cellID of the candidate softer handover cells to the NodeB through a fast layer 1 signaling scheme. Since a total of maximum 32 cells are signaled in the SIB11 neighbor list, the UE would need a total of 5 bits for signaling the complete cellID. 

c. For this purpose, the UE can use a standalone E-DPCCH (E-DPCCH sent without any associated E-DPDCH) to achieve the above signaling. E-DPCCH consits of 7 bits for E-TFCI, 2 bits for RSN and 1 happy bit. 

d. An E-TFCI can be reserved for UEs in CELL_FACH state for the purpose of the above signaling. Since CELL_FACH state is intended to transfer low amounts of data, higher values of E-TFCI in the E-TFCI table which correspond to very high data rate might never be used in CELL_FACH. Hence, the highest few E-TFCIs could be reserved for the purposes of standalone E-DPCCH. For each reserved E-TFCI, there are 3 bits (2bits RSN + 1 happy bit) that can be used to indicate cellID. 

e. The NodeB infers cellID from the value contained in these 3 bits by looking up this value with the neighbor list signaled in SIB11. For example if these bits were 011 (with value 3), the NodeB can interpret this value as the third cell with flag=1. In the example showed in Table 1, the cellID NodeB will infer from value=3 is CellID=4. 

f.     A total of 4 E-TFCIs need to be reserved if we wish to cover all 32 cells for potential softer handover candidates (but this might not be necessary). Additionally, if only one E-TFCI were to be reserved, upto 8 cells could be covered for reporting purposes. 
g. For reliability of standalone E-DPCCH the following techniques can be employed.

i) E-DPCCH is boosted for standalone E-DPCCH

ii) NodeB acknowledges standalone E-DPCCH with an ACK on E-HICH. This technique reuses E-HICH for standalone E-DPCCH (i.e. E-HCIH is sent although no E-DPDCH is sent). If an ACK is not received, the UE will retransmit this standalone E-DPCCH upto the maximum number of HARQ attempts. If an ACK is not received after the maximum number of HARQ attempts, the UE will not attempt to retransmit the standalone E-DPCCH again unless it determines a new cell is the strongest candidate for uplink softer handover.
h.  If the UE determines that another neighboring cell is the strongest (after it has sent a standalone E-DPCCH for a neighboring cell), the same mechanism (standalone E-DPCCH) is employed to notify the NodeB of a new strongest cell for uplink soft combining.

It is to be noted that this mechanism is only intended to inform the nodeB for uplink softer combining of cells belonging to the same nodeB. A common E-RGCH based interference control outlined in [2] needs to be employed in conjunction with the above proposal ((i.e.) the UE will still listen to the common E-RGCH from the softer handover cells) to reduce overall interference. Using the common E-RGCH based mechansim outline in [2], interference to cells belonging to the same as well different NodeB can be controlled.

4. Conclusions

In this contribution, we have identified a UE assisted mechanism to aid the NodeB in performing softer combining across cells belonging to the same NodeB in CELL_FACH. This mechanism leads to better link efficiency as well as reduction of uplink interference. This UE assisted mechanism is based on a fast layer 1 reporting to the NodeB identifying cells only when the UE is in softer handover region with that cell. A NodeB with the aid of this report can limit processing by performing softer combining for only UEs that are actually in the softer handover region. 

It is proposed that a UE assisted softer handover in CELL_FACH is included as part of the signaling based Inteference Control subfeature for Rel-11 FE-FACH.
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