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1 Introduction

A study item for further EUL enhancements was approved in RAN plenary #57 [1]. One of the objectives for this study is enabling high user bitrates in a mixed-traffic scenario, meaning e.g. more efficient method to utilize higher rise over thermal conditions. One possible enhancement discussed already in study item could be using TDM scheduling and the purpose of this contribution is also to discuss that and more flexible signalling required to efficiently utilize TDM scheduling.
2 Background
Unlike WCDMA downlink or e.g. LTE down or uplink non-orthogonal access was chosen for WCDMA uplink in the early standardization phase. In the past, low to medium data rate was targeted where the interference caused by the lack of orthogonality was easier to tolerate. Later in time, HSUPA was specified to start increasing the data rates for packet based services but the feature was built on top of legacy system maintaining non-orthogonality between the multiplexed users. As the modulation order of the uplink system has been increased and multi antenna techniques have been specified in order to achieve very high data rates in the current system, the high inter-user interference caused by the non-orthogonality limits the achievable SNR of transmitted symbols hindering the potential of the system. It is known that MIMO gain increases as SNR increases and advanced receiver algorithms such as LMMSE work efficiently when operating on high SNR improving possibility of receiving higher order modulated signals. Hence, TDM scheduled users in uplink could have potential to orthogonalize user signals and improve performance. Further motivation to explore orthogonal access may be justified by the assumptions of network deployment diversification to heterogonous networks and small cells which could possibly also mean isolated high RoT cells. The small cells could also mean shorter delay spread which makes interference due to non-orthogonality more dominant. The orthogonal access has been also used in LTE uplink for good performance.
The legacy system already contains two simple methods that can be used for TDM scheduling. One is using E-AGCH so that serving grant for UE is always switched to appropriate value for transmission and then to zero when it is some other UEs turn to transmit. Drawback of this method is slow operation and increased E-AGCH overhead since there are always two E-AGCH transmissions required to change the transmission turn. Another method is using per HARQ process scope of E-AGCH and dividing HARQ processes among UEs. Drawback of this method is inflexibility since changing HARQ process configuration requires several E-AGCH transmissions. 

3 Potential performance gain 

The potential performance gain of more flexible TDM scheduling is investigated in Figure 1. In these simulations TDM scheduling is used to schedule only E-DPDCH in a single carrier network. Other control channels still use legacy methods. In other words control is still non-orthogonal. The legacy TDM scheme applies the signalling scheme where specific group of HARQ processes is allocated for a UE due to the signalling constraints. In the simulations, the scheduling is essentially round-robin since the processes are divided evenly between UEs. In the CDM scheme a proportional fair algorithm is used to change grant of each UE. All UEs have serving grant all the time. Due to the signalling constraints, it is assumed that only grant of a single UE may be modified in each subframe. The new studied scheme is the TDM scheme where an assumption is made that each UE has been granted a transmission power to use when a subframe is scheduled for transmission. The scheduling of UE allocation into each subframe is then signalled separately. By this way, both link adaptation and scheduling use low signalling load. This scheduling algorithm also has flexibility of a proportional fair scheduling algorithm which is used to schedule the time domain subframes. The new TDM scheme shows potential in terms of sector throughput more clearly when cell has 4 UEs. In the 8 UE case, the gain is clearer on the high end of the CDF. As the control channels are transmitted all the time, the amount of non-orthogonal signal increases as the number of active UEs increase. This is at least one reason for reduced gain. 
One possible problem with the TDM scheduling is that it is not always possible for UE to utilize the whole RoT budget alone especially in large cells or high SNR cases in isolated cells. In these cases it may be beneficial for the system if two or more UEs can be scheduled at the same time indicating a need for a hybrid scheme where both CDM and TDM are possible. The simulations above were made in small cell case where power budget was not a problem.
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Figure 1. Sector throughput of different scheduling methods assuming 4 or 8 users per cell.
4 Signaling solutions

TDM scheduling and possible signalling methods have already been discussed in [2] and [3]. Using time limit indication is proposed in [2]. In this method time limit for grant needs to be either signalled in grant channel or pre-configured. In first case some additional signalling overhead is introduced, whereas latter case makes scheduling quite inflexible. 

Another proposal is new way of interpreting E-AGCH presented in [3], where each UE assumes that if it did not receive grant i.e. decoding E-AGCH failed for the TTI then the UE does not have grant for the particular E-DCH TTI. This proposal has the benefit that it does not introduce new signalling in addition to legacy system using E-AGCH. However in legacy system you do not all the time need to use E-AGCH but E-RGCH can be used instead to adjust grant for CDM scheduling.

An improved proposal for TDM scheduling signalling is to separate the link adaptation from the scheduling information. The link adaptation which corresponds to granted transmission power can still be signalled using legacy methods utilizing E-AGCH or E-RGCH. New signalling method is required to signal the allocation of subframes for specific UEs. From this on we call such signalling Fast Scheduling Grant (FSG) in this paper. When fast scheduling grant is used the UE follows the serving grant value signalled using legacy methods but transmits data only when it has received FSG showing that the UE has permission to transmit in particular TTI.
FSG can be signalled e.g. by re-using either E-AGCH or E-RGCH. E-AGCH based method is depicted in Figure 2. Legacy E-AGCH content consists of 5-bit absolute grant value, one bit absolute grant scope and 16-bit CRC. Since transmitting E-AGCH consumes quite much resources in network it should be able to signal FSG to as many UEs as possible. Hence it is proposed that CRC is reduced to 8 bits to free 14 bits to FSG information. Simplest way to utilize these information bits is to treat them as bit vector where each bit is configured for a UE in cell. Coding can be e.g. such that ‘1’ means UE is allowed to transmit and ‘0’ that UE is not allowed to transmit. This method has the drawback that E-AGCH needs to be transmitted always which is similar to the method in [3]. Also UE needs to know which E-AGCH channel is using new interpretation and if there are more UEs than the capacity of single E-AGCH, multiple codes may be used.
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Figure 2 Re-using E-AGCH for fast scheduling grant
Another possible method for signalling could be based on reusing E-RGCH structure and is shown in Figure 3. In this method a new signature should be reserved for FSG for each UE. This signature could even be in the same code channel as legacy E-RGCH. If a UE is scheduled, the FSG signature is transmitted mapped to “1”. If a UE is not scheduled, the FSG signature is transmitted mapped to “DTX”. Benefits of this signalling are obvious, it does not require UE to receive a new code channel and it does not require transmitting E-AGCH any more often as in legacy system. Also there is no unnecessary data to be transmitted; signatures for UEs that are not actively allocated are not transmitted. Hence resource consumption is much lower than E-AGCH based methods. In general E-RGCH based signalling is more favourable than E-AGCH based methods.
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Figure 3 Re-using E-RGCH for fast scheduling grant
5 Conclusion

In this paper we have discussed benefits of TDM scheduling and shown simulation results illustrating achievable gains. More flexible TDM scheduling means that signalling for scheduling needs to be more flexible. Hence, new signalling method was proposed. The E-RGCH based solution where serving grant, i.e. link adaptation, is signalled using legacy methods but the final subframe allocation is signalled using a fast scheduling grant on E-RGCH signature looks most promising solution.
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Annex A Simulation Assumptions

	Parameters
	Values and comments

	Number of UEs / sector
	{4,8}

	Inter-site distance [m]
	250

	Carrier Frequency
	2000 MHz

	Path Loss
	Macro to UE:

L=128.1 + 37.6log10(R), R in kilometres

	Log Normal Fading 
	Standard Deviation : 8 dB

Inter-Node B Correlation: 0.5 including small cells

Intra-Node B Correlation :1.0

	Max BS Antenna Gain
	14 dBi

	Node B antenna pattern
	Case 1 (3GPP ant):                                                     
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	Channel Model
	IID PA3

	Penetration loss [dB]
	20

	Maximum UE EIRP
	23 dBm

	BS noise figure
	5 dB

	RoT target
	6 dB

	βec/ βc 
	15/15

	E-DPCCH Decoding
	Ideal

	Soft Handover Parameters
	R1a (reporting range constant) = 4.5 dB, 

R1b (reporting range constant) = 4.5 dB

	Thermal noise density
	-174 dBm/Hz

	Traffic model
	Full Buffer

	NodeB Receiver
	LMMSE

	Channel Estimation
	Realistic – 3 slot filtering, utilized through Actual Value Interface (AVI) tables

	Uplink HARQ
	2ms TTI,Max # of trans =4,Target BLER=1% after 4th transmission

	UL TPC Error Rate [%] 
	4

	E-DCH Scheduling 
	Period
	2ms

	
	Type
	Proportional fair

	
	UPH filtering
	100 ms

	UE Antenna Gain
	0 dBi

	Maximum active set size
	3


� EMBED Equation.3 ���
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