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1. Introduction

In this contribution, the interactions between several aspects for EUTRA uplink design, such as channel dependent and diversity resource allocation, CDM versus FDM reference signal, and uplink sounding, etc., are investigated. In addition, we propose a framework for system simulations that may help determine a way forward on several issues of uplink design.
2. EUTRA Uplink Design Issues
2.1. Diversity and Channel Dependent Resource Allocation
In Tallinn, it was decided to support frequency domain scheduling in the uplink using a distributed sounding RS. It is to be determined whether to send the sounding RS statically/dynamically, and how to multiplex. In addition, the need for distributed transmission in uplink is to be determined.

System simulations are useful in determining:
(1) Should frequency hopping be the only method of diversity scheduling supported in LTE on the UL? The alternative would be to allow distributed transmission (on 5MHz or less BW), or a combination of hopping and distributed.
(2) How statically/dynamically should the sounding RS be multiplexed?
Detailed UL RS issues are discussed in [18]. However, it should be noted that the static/dynamic nature of the sounding RS will be based on how the LTE system will be operated. The static/dynamic concern is that we do not want to incur the overhead for sounding if it is not being used, such as when diversity scheduling is used (such as distributed data transmission or frequency hopping). In addition, it may be possible to send sounding infrequently to get some benefits of channel knowledge – something in between pure diversity and fully channel dependent scheduling.
In [16] Motorola showed non-channel dependent results that are good and meet the LTE requirements. In contribution [16] localized allocation with full buffer traffic was simulated.  However, for VoIP traffic distributed resource allocation is preferable.  The major advantage of distributed resource allocation is that it provides higher frequency diversity compared to localized resource allocation, especially when only a few resource blocks are assigned to a UE. With tight delay requirement, the number of re-transmission of HARQ is limited. Therefore, higher diversity of distributed resource allocation could potentially provide larger coverage and throughput when timely frequency-selective uplink channel quality information is not available. No sounding, or little sounding is needed for channel dependent scheduling. 

On the other hand, when frequency-selective channel quality information is available, for example, through uplink sounding (with additional overhead) at low mobility, for all (or some) localized resource blocks, then localized resource allocation can possibly take advantage of the frequency selective scheduling. Even with constraints on contiguous allocations to maintain single carrier characteristics, improved sector throughput is possible. However, the gain relies on the availability of current channel quality information for several individual resource blocks. If such channel quality information is not available (e.g., high mobility, no sounding, or insufficient sounding bandwidth), channel dependent scheduling is not effective for localized resource allocation. Furthermore, uplink interference avoidance/coordination may set additional constraint (and reduced gains) on the frequency selective scheduling. The decision to use sounding is also traffic dependent (and loading dependent) -- for hitting VoIP at capacity, full sounding and channel dependent information may be infeasible.
With localized resource allocation, the power de-rating depends on the number of resource blocks assigned to one UE [8].  When only a few resource blocks are assigned, localized resource allocation may benefit from a lower power de-rating than with larger allocations.  Similar to localized allocations, the power-de-rating for distributed transmissions depends on the edge-to-edge bandwidth of the allocation, but is basically independent of the repetition factor (RPF) of the allocation. 
2.2. Uplink Sounding

From the Motorola point-of-view (c.f., R1-062610) the two most feasible sounding RS mechanisms appear to be (a) using (part or all) of a LB as needed for sounding, or (b) sounding RS FDM'd with data demodulation RS on the SBs. 
System simulations are useful in measuring the gains versus the cost of different sounding techniques, for the situations which may benefit from channel dependent scheduling. In the extreme, if sounding is needed for all UEs, even the UEs at the cell edge and with a large number of UEs as in the case of VoIP, the overhead of sounding could be significant. Dynamic allocation, large decimation and TDM among UEs may be used to reduce the overhead, but may further reduce the benefit of frequency selective scheduling. Therefore, system performance comparisons are desirable to validate the overhead of sounding with realistic system performance gain. 
The decision in uplink sounding obviously influences the decision on which diversity method to support. If (a) is selected, FH may work as well as distributed for providing diversity. If something like (b) is selected  then distributed transmission within the data demodulation RS bandwidth may provide the best performance.
Another potential usage of uplink sounding is to improve the uplink virtual MIMO performance. The cross-correlation between the UEs can be estimated using the uplink sounding signal and then used to select UEs with low cross-correlation to transmit at the same time/frequency resource region. As shown in R1-062074 where a large bandwidth is allocated, virtual MIMO requires relatively accurate channel quality information to outperform SIMO. The required SNR for virtual MIMO would increase if narrower bandwidth is assigned. Therefore, usually a relatively large bandwidth is assigned to a pair of UEs using virtual MIMO. The average cross-correlation over a large bandwidth would not be sensitive to the pairing of UEs and the gain from sounding is limited.
2.3. Reference Signal
For both localized and distributed resource allocations, FDM or CDM reference signal can be used. However, as shown in [10], FDM reference signal always gives better channel estimation performance than CDM reference signal for localized allocation. Also, CDM reference signal limits the number of UEs that can be scheduled per TTI since the number of cyclic shifts is limited. However, CDM reference signal provides more sequences for easier sequence planning. If CDM reference signal is adopted, similar channel estimation performance is achieved for both localized and distributed resource allocation (similar performance as distributed FDM, worse performance than localized FDM) [17].
2.4. Scheduling
Both localized and distributed transmissions have constraints on allocations that need to be included in system simulations. To maintain the single carrier property of the uplink signal, certain constraints are applied to resource allocation. Also, for efficient DFT implementation, it is preferred that the number of RBs allocated be a multiple of 2 and 3. For localized resource allocation, all the resource blocks assigned to one UE have to be contiguous while any numbers of resource blocks is allowable. For distributed resource allocation, to maintain single carrier property, the sub-carriers assigned to a UE have to be evenly spaced. This means only certain numbers of resource blocks can be assigned to one UE. 
2.5. HARQ, Persistent Scheduling/Grouping, Frequency Hopping and Interference Coordination
Synchronous non-adaptive HARQ has the advantage of less control channel overhead compared to asynchronous adaptive HARQ, while asynchronous adaptive HARQ provides necessary flexibility for frequency selective scheduling, frequency hopping and interference coordination. To achieve the potential gain of these three techniques, where and/or when to allocate a resource to one UE would depend on the other active UEs which may change between transmissions. 
As shown in R1-062303, frequency hopping can improve the throughput of localized resource allocation especially when channel dependent scheduling can not be used. With 1ms TTI, diversity is available on the first transmission (rather than through HARQ) with intra TTI inter subframe hopping. However, due to the single carrier uplink, contiguous resource blocks have to be assigned to one UE which forces a significantly constrained hopping pattern. With asynchronous adaptive HARQ, each transmission and re-transmission are individually signaled by the Node-B, and as such no additional constraint is needed for hopping or interference coordination.
Persistent scheduling and grouping have been proposed to reduce the downlink signaling overhead.  Further, it was shown that grouping offers significant VoIP gains. Resources can be assigned to a UE (or a group of UEs) for a time interval with certain pre-defined pattern/period. For those simulations, simple hopping schemes that preserve single carrier property should be used instead of arbitrary hopping techniques.
3. EUTRA Uplink Design Options
Instead of making decision on each individual technical aspect separately, one way forward is to have a limited number of options of the uplink system design involving several main technical aspects since they affect each other. Uplink system simulations should then be performed to compare these uplink design options as shown in Table 1.
Table 1 Options for EUTRA uplink
	
	Options

	Resource Allocation
	Localized, Distributed, Localized and Distributed

	Reference Signal
	FDM, CDM, FDM/CDM

	Sounding
	For frequency selective transmissions 

	Sounding Overhead
	Need quantified for different options

	Scheduling
	Frequency selective for non-hopping localized RBs, non-selective scheduling for diversity RBs (hopping or distributed)

	Hopping
	For non-frequency selective localized RBs

	HARQ
	Asynchronous Adaptive or synchronous non-adaptive

	Grouping
	Yes


4. Conclusion
In this contribution, various aspects of EUTRA uplink design are discussed with focus on how they are related and affect each other.
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