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1 Introduction

A new Rel-12 study item “Study on Further EUL Enhancements” [1] was approved during RAN#58 plenary meeting. The study item includes investigation and evaluation of various improvements which can further enhance the uplink HSPA performance.

A concept of enabling higher bitrates, Lean carrier, has been discussed during the study item phase simulation results have been presented. In this contribution we present a text proposal on conclusions on Lean carrier. The text proposal is proposed to be included into the technical report for the study item on Further EUL Enhancements [2].
2 Discussion
[-------------------------------------------------------------- TEXT START -------------------------------------------------------------]

5.4.6
Conclusions

Under the sub-topic “enabling higher bit rates” of this study item improvements for increasing the system performance on uplink single and multi-carriers have been studied. A Lean carrier concept and different TDM scheduling schemes have been proposed. Simulations have been performed for evaluating the potential gains of the Lean carrier and the specific schemes enabling improved TDM scheduling.

5.4.6.1
Conclusions on grant handling

Different grant handling mechanisms have been studied for improved TDM scheduling. The Grant detection approach saves signalling overhead compared to other schemes which might need repetitive granting. In order to schedule multiple users simultaneously an additional grant channel introduction was presented as one of possible solution. This also requires the UE to listen to multiple E-AGCH and a need for an E-AGCH DTX detection mechanism in the UE.  It was proven by the LLS evaluation there is no risk of false detection of the E-AGCH DTX. 
A benefit of the FSG (Fast Scheduling Grant) scheme can be that it is possible to schedule multiple UE’s in the same TTI with a single channelization code allocation. Although other schemes can handle multiple UE’s transmitting simultaneously, the scheduling cannot be done in the same TTI without allocating multiple E-AGCH channelization codes and requiring UE’s to monitor them. With FSG switching scheduling grant off arbitrarily using signalling is slightly more complicated, an additional FSG needs to be signalled separately but due to low overhead that is not a problem. There is also a considerable risk for false detections of RGCH’s which cause the transmissions from UE’s to collide with each other, compared to the consequence of false detection of legacy RGCH which will just step the grant up or down one step. An implicit assumption for FSG is that the grant value is not changed frequently. In situations where a new grant value is needed for each user, this scheme has an additional overhead in the RG.
Another scheme which improves TDM scheduling is the time limited grants idea, where the legacy E-AGCH is used but the bits sent on the E-AGCH are re-interpreted. Since TDM scheduling is mainly intended for high data-rates, one proposal is to restrict grant signalling to a reduced set of grant values using fewer bits. The remaining bits can then be used for signalling the grant duration.  If a UE wants to end his transmission before that granted time an additional terminating grant needs to be transmitted.The benefit of the solution with new E-AGCH timing for deactivation is also the simplicity. However the consequences of changing the deactivation timing of the E-AGCH have not been studied. Also an additional deactivation needs to be signalled, the overhead of deactivation signalling can be substantial when many small bursts scheduled.
Summary of grant handling schemes is shown in Table x1. The E-AGCH based grant schemes could require more frequent E-AGCH transmission increasing power consumption of the E-AGCH channel, however this might not be an issue in TDM scheduling scenarios. 

Table x1. Summary of grant handling schemes
	Schemes
	Legacy scheme

(CDM scheduling or HARQ process based TDM scheduling)
	Time limited grant

(E-AGCH based)
	Grant detection

(E-AGCH based)
	Fast Scheduling Grant

(E-RGCH based)
	New E-AGCH timing for deactivation

(E-AGCH based)

	Scheduling  method
	 Persistent grants
	Time limited grants
	Persistent grants, but grant is terminated by detection of AG with wrong CRC.


	E-AGCH for grant value updates and E-RGCH for granting TX occasion


	Persistent grants

	AGCH
	1 code channel
	1 code channel
	1 code channel
	1 code channel
	1 code channel

	Additional AGCH
	No
	No
	1 legacy channel added for legacy users or when multiple Rel-12 UEs are required to transmit data simultaneously
	No
	No

	Additional RGCH
	No

	No

	No

	1 code channel
one RGCH/HICH signature for each user

Supports 13 UEs (1 RGCH, 1 HICH, 1 FSG per UE)
	No



An improved grant handling mechanism is an essential part of the Lean carrier concept. Though standalone grant handling schemes for improved TDM scheduling on a single carrier can be envisioned.
5.4.6.2
Conclusions on Lean carrier 
The Lean secondary carrier provides a solution where the DPCCH bursts from CPC operation are eliminated when the UE is not transmitting any data on the secondary uplink carrier. Simulation results have been provided for studying the impact of the interference created by the CPC bursts on data transmissions and the impact of the interference from data transmissions on the DPCCH bursts. The lean carrier operation is not compatible with legacy users. In case of a hybrid scenario supporting both lean carrier capable UEs and legacy UEs, a loss can be expected in legacy UEs performance, e.g. broad​cast channels are still needed, scheduling delay is increased for high-bitrate transmissions and SI transmission delay may be increased
The link level simulation results have shown link level gains of Lean carrier over legacy CPC in these high rate bursty traffic scenarios when DPCCH SIR based ILPC was used. ILPC target at received DPCCH SNR instead of SINR was investigated. Limited gain for Lean carrier over CPC was observed in these simulations and in case of two interfering CPC bursts and DPCCH SNR target equal to -19dB the difference in performance was negligible.
The simulations results on Lean carrier presented in Appendix B.1.1.2 and B.1.1.3 compare the Lean carrier performance with a baseline using CPC. The link-level results show that the interference created by DPCCH bursts is important when transmissions are scheduled at medium and higher data-rates. An impact on performance is observed when the DPCCH bursts are interfered by data transmissions. This impact increases with the number of DPCCH bursts between data transmissions. 

Different CPC settings result in different interference levels created by the DPCCH bursts. For one evaluated setting, 100 users activated on a secondary carrier amount to an average of just 1.25 continuous DPCCH. The performance between Lean and CPC is very similar in this case for large and frequent data transmissions. When applied to bursty small data transmissions, the performance deteriorates. It should also be noted that the current specifications do not allow different CPC patterns to be used for the primary and the secondary carrier for the same UE, but it is possible to deactivate the secondary uplink carrier with HS-SCCH order. The extreme CPC setting, however, does not seem to have much effect on the performance loss due to high-bitrate data transmissions interfering with the DPCCH bursts. 
These system simulation results show that with dynamic traffic, the difference in average RoT between Lean carrier and the CPC cases are more pronounced than with a fixed transmission pattern. At a very high load of 100 user/cell, a 4dB lower RoT can be achieved even when compared to the most extreme CPC case with the shortest possible burst size and the longest possible cycle length. Improvement in average cell throughput is also seen. The simulation was conducted without RoT control, and the active user was always scheduled with 5 Mbps instantaneous data rate. 
Considering the traffic model used, the system reaches 100% TTI utilization at around 25 users with user data rates close to 160 kbps on average, and with 100 users the UE throughout degrades to 40 kbps on average. Below the 25 users/cell loading point a small reduction in observed RoT was seen for the same average cell throughput for lean carrier over CPC. 
The reduced transmission of DPCCH on the secondary carrier results in less overall Noise Rise in the system (reduced UL control channel overhead).Lean carrier may not be operable in SHO region due to TDM operation assumed. Due to mobility, before a UE can resume lean carrier operation in a new cell its radio link timing needs to be reconfigured, which may lead to flushing of UL HARQ buffers.

[---------------------------------------------------------------- TEXT END --------------------------------------------------------------]

3 Conclusion
The provided text proposal on Conclusions on Lean Carrier is proposed to be included in the technical report for the study item on Further EUL Enhancements [2].
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