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1. Introduction
It has been claimed that uplink macro-diversity (MD) would benefit overall EUTRA system performance through enhanced cell edge coverage and throughput. In Rel-6 UTRA this is accomplished through a centralized architecture with the selection/combining function located at the SRNC. However, centralized/hierarchical architectures cause significant impact on overall latency and complexity. One of the goals of this discussion therefore has been to look at alternatives to uplink macro-diversity that provide benefits of adequate uplink coverage and throughout performance. 
From a service perspective the benefit of macro-diversity has been particularly highlighted for voice traffic or more generally conversation QoS class services in the uplink. It is generally accepted that there is no need for downlink macro-diversity even for voice traffic.  
This contribution discusses the possible methods of enhancing inter-cell operation in terms of cell edge (or multi-cell coverage region) throughput along with performance results for some of the key methods in case of voice traffic.

2. Cell Edge Performance Enhancement Techniques
Uplink cell edge throughput enhancement techniques may be needed to support the overall LTE requirements and the goal of a competitive 3GPP long term evolution. Such uplink cell edge enhancement techniques should support the following requirements.

UL cell edge requirements:
· Enable peak data rates of 50 Mbps for 20 MHz (5 bps/Hz)
· Increase the uplink bit rate at the cell edge (2 to 3 times Release 6)
· Improve the uplink spectrum efficiency (2 to 3 times Release 6)
· Reasonable system and terminal complexity, cost, and power consumption
Various cell edge performance enhancement methods exist and should be considered alone or in combination in light of the above requirements.
UL cell edge enhancement methods beyond simple hard handoff (HHO):

· Interference avoidance

· Macro-diversity (MD)
· UL Resource sharing (RS) (also referred to as ‘muting’)

· HARQ with soft combining (delay tradeoff – suitable to guarantee minimum data rate)

· Intra-cell soft combining

· SDMA (or spatial diversity with more than 2 BS receive antennas)
· UL MIMO
· HHO with fast cell selection (risk of resource allocation inefficiency)
3. Macro-diversity (MD) and Resource Sharing (RS)
To facilitate uplink operation in locations near cell boundaries, MD and uplink RS can be exploited. With MD, a non-serving base-station (BS) (termed the secondary BS here) may make provision for a particular time-frequency slot to receive a transmitting UE (termed the ‘target’ UE here) that is controlled (i.e. scheduled) by another BS – termed the primary BS. If this secondary BS is within the same site as the UE's primary BS, soft-combining can be used to increase the uplink (UL) SNR; otherwise, inter-site selection diversity (i.e. macro-diversity) is available to increase the chance of a successful decoding. If the secondary BS also does not schedule another UE during the same time-frequency slot that it is receiving the target UE then it has suppressed other UE transmission or in other words performed RS thus allowing a further SNR improvement for the target UE due to reduced interference.
RS does not guarantee an overall uplink performance improvement, since there is a net reduction in the time-frequency resources of a secondary cell performing RS to support a UE scheduled by another (primary) cell. Such a reduction means that the cell must schedule users at a higher data rate and/or modulation resulting in more HARQ retransmissions, or at lower data rates to sustain the same retransmission rate.  Either way there is a trade-off affecting spectral efficiency.
What needs to be studied are the mechanisms necessary to enable the selection of the secondary BS and coordination of the schedulers of the primary and secondary BS for a given UE in support of RS and MD.  Direct inter-BS communication or BS communications via a centralized RNClite (or similar) entity are possible methods to address such coordination with each method having its own network architecture implications.  Communication may also be possible through the UE itself at the cost of increased OTA signalling and possibly delay.
1. Macro-diversity + Resource Sharing (RS): the secondary BS (or BS’s) will not schedule any UE in the specified time-frequency resource but rather receive the target UE at the specified time-frequency slots, as specified (e.g.) by the RNC (or other network edge node). If the secondary BS is at the same site as the primary BS, soft-combining may be used; otherwise inter-site selection diversity is applied. Note that in the case of co-located primary and secondary cells, signalling via the RNC is not required.

2. Macro-diversity only: similar to case 1 (at least signalling wise) but secondary BS can still schedule another UE in the specified time-frequency slots and try to decode both its scheduled UE and the target UE at the same time, even though there may be mutual interference. Therefore, the handover BS must have the ability to suppress interference from UE’s other than the target UE, either using spatial interference suppression or multi-user detection or scheduling its UE appropriately. 

3. Resource Sharing only: the secondary BS knows the time-frequency slots that the target UE will use, and it will not schedule UE's in its regime to use the same resources. However, the secondary BS will not attempt to receive the target UE.

4. Intra-site macro-diversity + RS: it is similar to macro-diversity + RS case, but only if the secondary BS belongs to the same cell site as the primary BS (co-located primary and secondary cells). Inter-sector soft-combining will be used to increase the SNR. No inter-site macro-diversity (e.g., selection diversity) is performed but only HHO. 
5.  Intra-site macro-diversity only: similar to case 3, but along with soft-combining MUD may be required to exploit intra-cell macro-diversity when the adjacent cell schedulers (co-located primary and secondary cell schedulers) each assign a different UE for the chosen time+frequency resource.

6. Hard Handover: the UE’s signals will always be decoded only by its scheduling BS. Fast cell selection can be used at the risk of leaving resources unused.  
When the uplink is not fully loaded during a frame (i.e., some time-frequency resources are not assigned to users in the sector), the remaining resources can be reserved via the RS procedure for users in other sectors/sites that would not normally require handoff. Such users may almost be in handoff conditions, or be close to a sector/site boundary. These users would benefit from the selection (inter-site) or combining diversity (inter-sector), and scheduling (rate determination) in the system may be improved by providing a more uniform interference level.
4. Interference avoidance & HARQ

Alternatives to macro-diversity with RS to improve uplink inter-cell (cell edge) performance are HARQ retransmissions with some trade-off in delay and interference avoidance requiring some a-priori (semi-static) coordination between BS schedulers.  For example, the secondary BS might schedule UE’s for transmission which are a) close to the secondary BS and therefore offering reduced interference to primary BS, or b) operating at low coding rates and modulation orders and hence radiating low power levels.  Challenges that need to be addresses are mechanisms to ensure that separate resources supporting interference avoidance are fully utilized. 
5. Performance
Coverage and throughput results are given for different techniques that handle UEs operating in inter-cell or intra-cell multi-coverage areas (i.e. cell edge operation).  The aim here is to demonstrate that it is feasible to envision mechanisms that ensure cell edge coverage and throughout performance without recourse to centralized architectures supporting macrodiversity. The techniques are:

a) HHO, 

b) HHO + intra-cell MD   -- HHO with intra-cell macro-diversity (no RS or inter-cell MD),
c) MD -- inter-cell and intra-cell macro-diversity (no RS),
d) MD + RS -- inter-cell and intra-cell macro-diversity with RS.
The results are captured in the table below. For more details on the simulation methods see [1].
Table 1 – Residual FER CDF performance

	UL Enhancement technique
	50 VoIP UE/sector

1% Residual FER CDF point
	100 VoIP UE/sector

1% Residual FER CDF point

	HHO                    (up to 4 tx/packet)
	99.0%
	98.3%

	MD  2cells *        (up to 4tx/packet)
	99.7%
	99.6%

	MD + RS 2cells   (up to 4tx/packet)
	99.8%
	99.7%

	HHO                    (up to 10 tx/packet)
	100.0%
	100.0%


* ‘2 cells’ indicates that any two cells with DL pilot SNR within 6dB of best cell are randomly selected as the MD cells
6. Conclusion
For the same delay constraint MD and MD+RS improve residual FER for voice traffic compared to HHO.  
 

However, by a very marginal increase of delay (12 ms) to allow for an increase in the maximum number of HARQ retransmissions allowed, the residual FER for HHO is improved beyond that of MD and MD+RS using the tighter delay constraint.  In addition, the amount of  inter-cell communications required to support different MD and MD+RS algorithms should carefully be considered,  since some of the benefit of improved UL system performance can come from other UL enhancement sources requiring less communication such as:

1)    Using HARQ to trade off delay for more capacity/coverage (better residual FER in VoIP case).

2)     Interference avoidance
3)   Increase number of Node-B receive antennas beyond 2.
By avoiding an architecture with centralized resource management that is implicit with traditional uplink macro-diversity schemes, latency can be reduced through reduction in inter-node communication for channel set-up, resource monitoring/management, etc. 

What needs to be then studied is the implication of a decentralized architecture on, among other potential areas:

-
Security procedures

-
Context transfer/management

-
Paging

The above identified areas are however, not so challenging in themselves to require the continued adoption of centralized architectures for resource management given the desire for EUTRA to achieve significant reduction in latency and complexity and arrive at a very competitive architecture.
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