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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 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. A drawback with the approach is the need for an additional grant channel if multiple users are allowed to be scheduled simultaneously. This also requires the UE to listen to multiple E-AGCH and a need for an E-AGCH DTX detection mechanism in the UE. Another drawback is the false detection of the E-AGCH DTX detection mechanism. Even though the per-TTI probability is only 1%, it will be substantially higher when accumulate over multiple TTIs.
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 legacy false detection of RGCH which will just step the grant up or down one step. An implicit assumption for FSG is that the grant value is no changed frequently. In situations where a new grant value is needed for each user, this scheme has an additional overhead in the RG.
A benefit with time limited grants is its simple design, the legacy E-AGCH is used but the bits sent on the E-AGCH is re-interpreted. Since TDM scheduling is mainly intended for high-rates, fewer bits are needed to signal the grant value and the saved bits can then be used for signalling the grant duration. The functionality of granting HARQ retransmissions using a TG also gives the flexibility to handle situations where unintended or unexpected transmissions or retransmissions can lead to collisions. 
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 thoroughly. 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 simulation results have provided detailed findings on operating high bit rate and bursty transmissions together with legacy CPC.  For example the negative impact of interference on the data bursts of CPC users and impact of data bursts on the DPCCH bursts of CPC users have been studied. The results have shown benefits of Lean carrier over legacy CPC in these high rate bursty traffic scenarios. Another important aspect with Lean carrier operation is the improved latency which comes with transmitting small packet size bursts in a few high-rate TTIs. The low cost of keeping many UE’s active on the Lean carrier, due to mobility and control channel improvements, further improve user latency experience. Furthermore the reduced transmission of DPCCH on the secondary carrier results in less Noise Rise (reduced UL control channel overhead) and in a lower battery power consumption of UE’s operating on multiple uplink carriers. These mentioned benefits come at very low impact on standard and implementation.
5.4.6.2.1
Conclusions on Lean carrier link level simulation results

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 evaluations show that the interference created by DPCCH bursts matters when transmissions are scheduled at medium and higher data-rates, especially in the case where all secondary carriers are activated to reduce initial access latency. Performance loss is also observed when the DPCCH bursts are interfered by data transmissions. The loss increases with the number of DPCCH bursts between data transmissions. The extreme CPC setting may be used to reduce the performance loss due to DPCCH bursts, but it can only be used with large and frequent data transmissions. When applied to small, less predictable data bursts typical of smart-phone traffic, the performance deteriorates quickly. 
5.4.6.2.2
Conclusions on Lean carrier system level simulation results

The trend observed in the link simulations, that the performance deteriorates when more and more users are added to the system, and the CPC users interfere more with each other, is also observed in the system simulation results. This confirms that the conclusions drawn from the link simulation are also valid for a more realistic bursty network. The simulations confirm that stable system performance can be achieved on the Lean carrier when appropriate mobility settings are configured.
5.4.6.3
Impact on Modem current consumption and implementation complexity

In addition to the performance gains, Lean carrier enables the UE to keep its transceiver turned off between transmissions of data bursts. Since no DPCCH bursts are transmitted on the Lean carrier during data transmission gaps and no monitoring of control channels are performed when not transmitting on the Lean carrier the UE battery life will be improved. The UE can gate its transceiver once a data burst have been transmitted until a new data transmission is granted from the Node-B.
The implementation impact, on both UE and NodeB side, of the proposed Lean carrier concept is considered to be low.
[---------------------------------------------------------------- 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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