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1
Introduction

In [1], a work item on further enhancements to CELL_FACH was agreed.  As per the WI, the focus for this work should be to ensure that UEs with low to medium packet data activity (representative of smartphone traffic) can operate in CELL_FACH with a similar performance, coverage and battery consumption as in the other states. The Rel-7/8 features will serve as a natural basis for any further improvements of the CELL_FACH state.
The WI lists some improvements related to resource utilization, throughput, latency and coverage in CELL_FACH for both the downlink and uplink.  The objective of the WI is to identify whether the gains justify the complexity for these improvements over existing mechanisms, and specify those for which this is shown to be the case. One uplink related improvement listed in the WI is on signaling based interference control in CELL_FACH. In this contribution, we discuss further some schemes related to this aspect and their potential benefits.
2
Uplink Interference Control in CELL_FACH

The lack of macro diversity or soft handover in CELL_FACH state can potentially lead to uplink interference at neighbor cells, especially as an increased number of smartphones begin to camp in CELL_FACH. A few observations can be made with regard to lack of macro-diversity in CELL_FACH:

· In the interest of conserving UE energy, cell reselection procedures in the non-cell DCH states (URA_PCH, CELL_PCH, CELL_FACH) are not that 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 need not be the strongest cell on the downlink. In the absence of any uplink imbalance between the serving and neighbor cell, 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.

· If we were to operate CELL_FACH in heterogeneous networks (mix of different transmit power nodes), the interference issue can only worsen due to severe uplink imbalance between the macro and small cells

Below, we identify a few signaling based schemes that can help towards controling uplink interference in CELL_FACH:
· Inter-cell Interference Overload Control

· Softer Handover in CELL_FACH

· Dynamic switching of uplink frequencies

· Inter-cell Interference Cancellation

· RAN overload control of delay tolerant devices
3
Inter-cell Interference Overload Control

In CELL_DCH, when E-DCH is configured on the uplink, the dedicated physical channel E-RGCH is configured on the the downlink to carry relative grants from both the serving and non-serving cells of the CELL_DCH UE’s active set. The relative grant serves as a means to control the UE’s data rate or  equivalently the UE’s transmit power. Below is a cut and paste of the description of these grants from Section 9.2.5.2.1 in 25.321:

-
Serving Relative Grant:
Transmitted on downlink on the E-RGCH from all cells in the serving E-DCH RLS, the serving relative grant allows the Node B scheduler to incrementally adjust the serving grant of UEs under its control. By definition, there can only be one serving relative grant command received at any one time. This indication can take three different values, "UP", "DOWN" or "HOLD".

-
Non-serving Relative Grant:
Transmitted on downlink on the E-RGCH from a non-serving E-DCH RL, the non-serving relative grant allows neighboring Node Bs to adjust the transmitted rate of UEs that are not under their control in order to avoid overload situations. By definition, there could be multiple non-serving relative grant commands received by MAC at any time. This indication can take two different values, "DOWN" or "HOLD".
Note that the E-RGCH information element corresponding to the Non-Serving relative grants from a cell are only configured in UEs for which the cell is a non-serving cell and is part of the UE’s active set.

In the case of CELL_FACH, due to the lack of macro diversity, it is currently possible to only monitor the Serving Relative Grant that is transmitted from the Serving E-DCH cell. It would be desirable then to also allow CELL_FACH UEs to monitor the non-serving relative grant channel from the neighboring NodeB cells, in regions where the UE would have been in soft handover with these cells, had it been in CELL_DCH. This allows the non-serving neighbor cell to control the uplink interference caused by the CELL_FACH UE.
A high level description of how to extend this concept of overload control to CELL_FACH users can be as follows:

· The RNC broadcasts the PSCs of the neighbor cells (size of this set can be limited to a certain size) and a channelization code corresponding to a common E-RGCH intended to send relative grants to other cell users. 

· As in curent MAC-e NodeB procedures, when the neighbor cell detects that the inter-cell interference component (that cannot be controlled) has crossed a threshold, it begins to send down commands on this common relative grant channel.
· The UE in parallel measures the path loss difference between serving cell and non-serving cell and if it is less than a threshold (configured by RNC), it begins to monitor this common E-RGCH (as configured in SIB) for the purpose of serving grant determination.

4
Softer Handover in CELL_FACH

Softer handover is a well known method to mitigate interference on both the downlink and uplink in CELL_FACH. As the deployment of remote radio heads (RRH) continues to increase in UMTS networks, the proportion of UEs that fall  in the overlapping coverage area of two adjacent cells belonging to the same NodeB,  increases accordingly. Hence, as allowed in CELL_DCH, it would be desirable to enable softer handover operation in CELL_FACH. 
A high level description of one potential way to achieve softer handover in CELL_FACH is as follows:

· UTRAN broadcasts PSCs of neighbor cells belonging to same NodeB
· In addition to partitioning preamble signatures between Legacy RACH and common E-DCH resources, UTRAN also partitions some of the preamble signatures corresponding to each pair of cells belonging to same NodeB and broadcasts these partitions
· Example, say there are 3 cells A,B,C belonging to the same NodeB, then UTRAN signals PRACH partiition of preamble signatures for (A,B), (A,C), (B,C)
· For each E-DCH resource in the common E-DCH system information , the F-DPCH, E-HICH and E-RGCH resources of neighbor cells are also indicated
· Eg., F-DPCH, E-HICH/E-RGCH information for cells B and C are also  indicated ssuming that UE is camped on A

· If UE falls in the coverage of two overlapping cells (one of them is the serving cell) that belong to the same NodeB, it transmits preamble using a signature corresponding to this pair

· Criteria could be that second cell is within X dB of the serving cell

· When NodeB signals the E-DCH resource index via AI/E-AI on AICH
· The NodeB transmits on F-DPCH, E-HICH and E-RGCH from the pair of cells corresponding to the preamble signature transmitted by the UE and performs maximal ratio combining of the received uplink signal from both the cells
· The UE enables softer handover operation on the DL by combining F-DPCH, E-HICH and E-RGCH on downlink (maximal ratio combining gain) from the serving and non-serving E-DCH cells
5
Dynamic Switching of Uplink Frequencies

5.1
Switching Uplink Frequencies in DC-HSDPA UEs

DC-HSDPA in CELL_FACH is listed in [1] as a candidate sub-feature towards improving downlink resource utlization, latency and throughput in CELL_FACH. This feature can also provide for an additional benefit on the uplink i.e. uplink load balancing. For instance, if a DC-HSDPA UE performs a random access on a particular frequency f1, it could be redirected by NodeB to transmit on the adjacent frequency f2, if the uplink frequency f1 is loaded at the time of access.

A high level description of a procedure to re-direct or switch the uplink frequencies in a DC-HSDPA UE is as follows:

· The PRACH signature space corresponding to common E-DCH resources is further partitioned between DC-HSDPA in CELL_FACH UEs and legacy UEs.
· UE is tuned to f1and f2 (has acquired SIB information on both carriers) on the downlink and performs random access on the uplink on f1.
· f1 is temporarily loaded on the uplink
· Upon detecting PRACH preamble, NodeB sends a redirection to f2 via E-AI signaling on a reserved E-AI signature on the AICH 
· In Rel-8, E-AI value(s) were reserved for future use through partitioning.
· Upon reliably detecting the redirection command (E-AI) that was transmitted on AICH, the UE tunes to f2 on the uplink and initiates PRACH procedure on the uplink on f2
· While f2 is now the anchor, the UE continues to monitor downlink on both f1 and f2.
5.2
Switching Uplink Frequencies in SC-HSDPA UEs

If a network has deployed multiple carriers, the concept of dynamic switching of uplink frequencies can also apply to a single carrier device when it makes a random access
One possible procedure is as follows:
· The PRACH signature space corresponding to common E-DCH resources is further partitioned between UEs capable of switching uplink frequencies based on E-AI (eg. Rel-11 UEs) and legacy UEs.

· UE is tuned to f1 on the downlink

· At the time of access, it transmits a PRACH preamble on f1 using a signature from the PRACH partition corresponding to Rel-11UEs.
· In the case NodeB receives the preamble and is loaded on f1 in the uplink, it could redirect the UE to f2  via E-AI signaling on a reserved signature on AICH
· The UE then re-selects the same NodeB on f2 on the downlink, acquires SIBs, and then performs a random access on f2.

Note that even though there is an interruption in re-selecting another cell, the switching of uplink frequencies may still be beneficial if the carrier prior to the switch is experiencing high load or interference for a sustained amount of time.
6
Inter-cell Interference Cancellation

In addition to the simple method of controlling overload due to the other cell users as discussed in Section 3, a more powerful technique could be to allow for cancellation of inter-cell interference in CELL_FACH.

The principle of uplink Inter-Cell Interference Cancellation (ICIC) in UTRAN for UEs in CELL_FACH state can be described as follows: 

· Since the UE transmits on one of the common E-DCH resources, the S-RNC could a priori provide the neighbor cells information of these common E-DCH resources and the PSCs of the neighbor cells. 

· Each  NodeB cell attempts to detect a PRACH preamble (derived from the PSCs of the neighbor cells) that is transmitted from the other cell UEs. 

· Once a PRACH preamble is detected from a UE that is intended for it’s serving E-DCH cell, a NodeB cell could then perform a search around the timing of the detected preamble by testing for the scrambling codes corresponding to the common E-DCH resources of the serving E-DCH cell.
· Once the neighbor cell detects the scrambling code and timing, it then attempts to decode the uplink channels associated with this scrambling code (DPCCH, HS-DPCCH, E-DPCCH, E-DPDCH) and cancel the UEs.

7
RAN Overload Control of Delay Tolerant Devices
The concept of delay tolerant devices was introduced in Rel-10, to allow for RAN mechanisms to control core network overload. However, discussions on RAN mechanisms to control RAN overload due to such devices was deferred to Rel-11. In that regard, the existing RACH procedure has some limitations in spreading out the access load caused by a large group of delay tolerant devices in a small period of time [3]. To solve this problem, as discussed in [2], a new Access Service Class (ASC8) can be introduced to which the delay tolerant devices can be mapped.
In this case, it may be beneficial to pre-configure the NodeB with the PRACH partitioning corresponding to the low priority devices (ASC8) and indicate this partition to the NodeB. In the case of an uplink overload situation, the NodeB can begin to reject the low priority devices first, whenever it detects a PRACH signature assigned to ASC8. The benefit of such a mechanism is that it allows the NodeB to reject the UE upon detecting the access preamble via a single bit (AI/E-AI on AICH) rather than relying on RNC to reject the UE based on RRC signaling. Once the overload situation ceases, then the NodeB disables selective rejection of the low priority devices.
Rejecting access preambles via AI/E-AI on AICH at the NodeB has the following advantages:
· RRC signaling load is avoided since RNC is not involved

· Uplink resources are not wasted in transmitting RRC Connection Request message from multiple low priority UEs

· Only one bit is required to be transmitted on the downlink per access signature

· Rejection via RRC Connection Reject message is more expensive (involves transmission of a few 10s of bytes on both uplink and downlink).

8
Conclusions

In this contribution, we have identified a few signaling based interference control methods in CELL_FACH. It is proposed that RAN2 discuss the merits and complexities of each of these methods further.
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