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Introduction

As has been discussed at previous meetings, Cingular continues to believe that the decision to remove uplink macro-diversity from the LTE Study Item is premature.  Many different factors are involved in this decision and the issues must be evaluated carefully to ensure that the 3GPP E-UTRA radio technology is eventually successful in the worldwide marketplace and in North America.  
Simulation results have shown that uplink (UL) macro-diversity (MD) can provide gains for uplink performance in terms of cell-edge bit rate, sector capacity, and coverage.  While the amount of gain due to UL MD may differ depending on the assumptions used (e.g. cell size, loading, scheduler, etc.), it is clear that UL MD is one of the technology components that can provide the enhanced performance necessary to help meet the E-UTRA requirements.  Furthermore, since the E-UTRA technology should allow and support as many deployment scenarios as possible (e.g. hot-spots, hot-zones, urban, suburban, rural, etc.), there may be a need to use the benefits provided by UL MD in some, or all, of the expected deployment scenarios.  

Uplink MD may also provide additional improvements that have not been captured in the simulation results presented thus far.  Certain real-time services, such as VoIP and interactive gaming, require very low latencies that can be achieved, or possibly improved upon, through the use of make-before-break (MBB) handover which can be supported with UL MD.  An example of a mobile wireless system that uses a packet-based, FDD, OFDM radio is the Flash-OFDM system designed by Flarion.  It has been shown that this technology exhibits very low latencies and no interruption at hand-over due to the use of a MBB hand-over which includes a form of UL MD [1].  

Discussion

LTE Performance Requirements
As described in 3GPP TR 25.913 [2], the design requirements for the E-UTRA system have been agreed upon by the members of 3GPP.  In particular, the expected performance for the uplink is to be 2-3 times what is achievable with the enhanced uplink in UMTS, assuming 1 antenna at the UE and 2 antennas at the Node-B.  While there are several enhancements that can be considered to provide improved performance over that of UMTS Rel. 6, it has not been shown that these enhancements will yield performance for E-UTRA that will meet the requirements in 3GPP TR 25.913.  In fact, some of the same techniques under consideration for the UL in E-UTRA (H-ARQ, etc.) have already been used to provide performance improvements in UMTS Rel. 6.  Thus, until it has been shown that the expected performance can be achieved it is still necessary to include UL MD so that the required performance can be met.  
Currently, the 3GPP LTE Study Item contains several different radio modes including various transmission bandwidths and duplexing schemes (FDD, TDD).  Since at this point the uplink modulation format and other signal characteristics are still unknown, it may be possible that UL MD could be used to provide improved performance in many scenarios to meet the E-UTRA requirements as noted above.  Also, as there are various modes in the E-UTRA radio, it may be necessary to use UL MD to meet the required performance in some modes but not others.  Further analysis should be performed to determine the need for performance enhancements such as UL MD.
Activity Factor and Scheduling Algorithm

At the last RAN1 meeting, several contributions, especially [3], showed that the improvement resulting from UL MD was affected by the type of scheduling algorithm used in the simulations. The results in [3] showed that the improvement in throughput at the 5% CDF was reduced by about 50% when using a Proportional Fair (PF) scheduler compared to the improvement found with a Round Robin (RR) scheduler.  The difference was attributed to the multi-user diversity gain usually associated with a PF scheduler.  Reference [3] also provided interesting results on the impact of the UL activity factor (i.e. the On-Off traffic model behaviour of the different users).  The results showed up to 50% increase in throughput at the 5% CDF point with UL MD, an activity factor of 0.5 and a RR scheduler (23% improvement with a PF scheduler) compared to only 4% increase in throughput at the 5% CDF point with an activity factor of 1 and a RR scheduler.  Interestingly, in this last case, the improvement is higher with a PF scheduler (7%).  Note also that the results in [3] show less variation in throughput gain at the 10% CDF with a RR scheduler (between 20-30% depending on the activity factor).

Cingular Wireless believe that 30% improvement in throughput improvement at the 5% CDF is a considerable benefit especially when considering that E-UTRA is targeting a 200-300% improvement compared to UMTS Rel. 6 in the same amount of spectrum and with the same numbers of antennas [2].  Rejecting this potential 30% improvement means that E-UTRA must now achieve a 300-400% improvement compared to UMTS without UL MD still in the same amount of spectrum and with the same number of antennas.  Unfortunately, during recent discussions on this issue it appears that a number of companies have dismissed all of the results generated with activity factors lower than 1 or with a RR scheduler and consequently recommended not to include UL MD within the E-UTRA radio system.  
In existing packet data networks it is well known that the UL traffic is much smaller than the DL traffic (20% of the total data traffic is usually carried by the UL).  Fortunately, the DL spectrum efficiency is also higher than the UL spectrum efficiency in existing systems and the same is expected to apply to E-UTRA.  The following table proposes a simple way to estimate the expected UL activity factor assuming that the DL activity factor of the same carrier is 1, based on some generally accepted values on UMTS Rel. 6 Spectrum Efficiency and based on the expected improvements from E-UTRA.  As the table shows it is extremely unlikely that the UL activity factor will be higher than 0.5-0.6, at the point where the DL activity factor will be equal to 1, when considering that the data traffic is and will continue to be overwhelmingly higher in the DL direction.
	
	UMTS Rel.6 Assumed Spectrum Efficiency
	Expected
E-UTRA Improvement
	Expected E-UTRA Spectrum Efficiency
	Expected Traffic Distribution
	Traffic to be carried assuming DL Activity Factor of 1
	Resulting Activity Factor

	Downlink
	0.5 bps/Hz/Sector
	x4
	2 bps/Hz/Sector
	1
	2 bps/Hz/Sector
	2/2 = 1

	Uplink
	0.25 bps/Hz/Sector
	x3
	0.75 bps/Hz/Sector
	0.2
	0.4 bps/Hz/Sector
(20% of DL)
	0.4 / 0.75 ~ 0.5


Similarly, it is well known that in the initial years of deployment of a data system, the probability to have simultaneous data transfers (especially in the UL direction) is extremely small.  In this case, there is little or no multi-user diversity gain in the UL as most users will be alone in using the channel.  Some operators in North America have actually taken advantage of this when announcing the expected data transfer speeds on new 3G broadband systems since it takes considerable time to see a significant level of service acceptance and network loading before the effects of radio resource sharing are seen.  Cingular believes that this will continue to be true for E-UTRA.  As a result, we believe that the improvements shown at low activity factors, or without the potential gain of multi-user diversity, should not be automatically dismissed.  These improvements are critical to demonstrate the performance advantage of the new system when it is introduced in the marketplace and to facilitate its wider acceptance and success.

Network Architecture Issues

One of the main arguments against UL MD has been that its inclusion in the network may result in a network architecture that is not “flat”.  While the philosophical goal of a “flat” architecture can be debated, it is also important to note that the network “flatness” may not result in any actual savings in real-world deployments.  Furthermore, the logical functions needed to accomplish things such as macro-diversity, mobility management, encryption, header compression, etc., can be located at different points in the network provided that their operational functionality is retained and the performance requirements are met or exceeded.  It is also interesting to note that the Flash-OFDM technology mentioned above has been developed on a “flat” IP-centric network architecture and has also included UL MD while still maintaining the network “flatness”.  

Another issue related to the network architecture is the amount of transport facilities necessary to carry the additional load due to the support of UL MD.  However, for deployments that are limited by the uplink coverage and/or uplink capacity, the use of UL MD may actually enable fewer cells to be deployed while maintaining equivalent performance.  In addition, since transport facilities are generally bi-directional and are meant to handle higher data rates in the downlink direction, there should be adequate transport bandwidth to support UL MD. 
Proposed Way Forward

To further the examination and analysis of UL MD, Cingular recommends that following actions be undertaken by the 3GPP RAN Working Groups:  
RAN 1 should continue to examine the technological components proposed for use in the E-UTRA radio interface.  Until it has been clearly shown that the performance requirements included in 3GPP TR 25.913 can be achieved (i.e. 2-3 times the performance of UMTS Rel. 6), there should be no decision to remove components from consideration (e.g. UL MD) provided that these components can offer enhanced performance.  
RAN 2 should continue to monitor the performance predictions and results for E-UTRA in RAN 1 and also examine the issues related to meeting the performance requirements.  In addition, there may be requirements not being examined in RAN 1 that should be addressed (e.g. make-before-break hand-over on the UL).  

RAN 3 should continue to monitor the E-UTRA performance results and also examine the architectural impacts of including component technologies, such as UL MD, in some or all modes of operation.  Until it has been shown that the performance requirements can be met in RAN 1 then the architecture must be flexible to allow the component technologies to be included.  
Conclusion

Cingular continues to believe that it may be necessary to include UL MD to meet the performance requirements for E-UTRA included in 3GPP TR 25.913.  Also, the performance improvements provided by UL MD should be considered in all operational scenarios, including those with low activity factors which are more representative of what is expected in the UL and without the potential benefits provided by multi-user diversity.  

In addition, the possibility of developing a modular and flexible architecture for E-UTRA that includes uplink macro-diversity for some, or all, modes of operation should be investigated further.  This will allow LTE to address the widest possible market while providing network operators the flexibility to use the technological elements best suited to their market and deployment scenarios.  
.
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