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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. It is mentioned that “Enabling high user bitrates in a mixed-traffic scenario” is one of the candidate topics foe further enhancements. An LS was sent from RAN2 to RAN1 asking RAN WG1 to perform, amongst other topics, the needed studies on a more efficient method of confining high-RoT operation to dedicated secondary carriers.

In [3], an outline of the operation of dedicated carrier was discussed. In this contribution we consider some issues what would require further discussion in the study.

2
Dedicated Secondary Carrier
In [3], the notion of a clean secondary carrier was introduced where the UE is configured with two uplink carriers and the primary carrier is used for legacy transmissions such as random access voice and sometimes even data. On the secondary carrier it is proposed that only 2ms TTI operation would be allowed and the transmissions are orthogonal in time by virtue of TDM. It was suggested that the secondary carrier would operate at a high RoT level and at any time only one user would be transmitting. The operation of the clean secondary carrier is characterized by:
1. Not transmitting the DPCCH when there is no data to transmit

2. Monitoring the DL, for UL purposes, only when there is data to transmit in the UL

3. Not maintaining any mobility measurements and procedures when not transmitting data

4. Time limited grants

In order to study the clean secondary carrier, it is necessary to establish a design framework that is complete and consistent. However, some aspects of the design are as yet a bit unclear. These are discussed further in the following.

Deployment Scenarios

One of the aspects that would need to be clarified is the specific deployment scenario that is being considered. Since the UE is expected to operate on two carriers, it is safe to say that there would be at least two carriers deployed. However, If only two carriers are deployed, the Rel-9 DC-HSUPA UEs would also have to operate on the two frequencies. Legacy users would have to occupy both carriers for lead balancing purposes as well. Therefore, it is not clear if a clean carrier would be suitable in such a framework.
An alternative would be to consider a dedicated carrier only for small cells in a Hetnet framework. Some of the other aspects that are discussed in this contribution may also be resolved if this deployment scenario is considered. Another option is to consider scenarios where more than 2 carriers are deployed and one of them is restricted for Rel-12 users. 

Proposal 1: The specific deployment scenarios to be considered in the study are discussed and finalized.
Legacy Users
Since the carrier to be used is a dedicated carrier, then the question arises as to whether legacy users should be allowed to operate on the same carrier. It is mentioned in [4], that some TTIs could potentially be reserved for legacy users. However, according to current specifications, the operation of legacy users is unsynchronized on the uplink. Therefore, it’s unclear how the legacy users would operate alongside Rel-12 users who are expected to operate in a TDM fashion. If there are enough legacy users, then pilot transmission may impact performance gains regardless of the number of TTIs that are allocated to them. 

If legacy users are indeed allowed to operate in the dedicated secondary carrier, then they should be included in the performance evaluation of this scheme. 
Proposal 2: Discuss whether legacy users should also be allowed to transmit in the Dedicated Secondary Carrier.
HARQ Operation
In [5], it was suggested that HARQ operation would not be considered for the dedicated secondary carrier. However, the performance gains seen due to HARQ operation in terms of time diversity and SNR have been investigated and established. Prohibiting HARQ would imply that rate adaption would have to scale for a target of 1% in a single 2ms TTI transmission. In this case, performance would suffer quite significantly in poor channel conditions due to lack of time diversity. It is need not expected that dedicated carrier operation would yield any gains at all when compared with a baseline where HARQ operation is permitted. 
The operation defined in [4] suggests that a UE would be granted a few TTIs for transmission and if unable to empty its buffer would continue transmissions on the primary carrier. If the UE is allowed a subset of HARQ processes for a one-time transmission, then it is unclear whether HARQ operation is indeed possible. Retransmissions would have to be allocated the same grants as the packet sizes would not have altered. It would also be typical that not all transmissions would end up being re-transmitted since the operating point would be expected to be 10% after the first transmission. Therefore, grants may have to issues on a piece-meal basis. This aspect may instruct the design of the proposed new grant channel. 
Proposal 3: HARQ operation is allowed on the Dedicated Secondary Carrier
Proposal 4: Discuss the mechanism in which grants are allocated to re-transmissions 
Synchronization

If the grants are to be allocated only to one user at a time and can be dynamically allocated, then it may be essential that the UEs are synchronized on the uplink. If there is significant overlap between users, then the performance and consequently the grants that can be allocated would suffer. TDM operation would become challenging in this case. However, if users are allocated a series of TTI’s at a time for transmission, then perhaps overlaps at the edges may not have a significant effect on performance. The amount of consecutive transmissions would dictate the gains that can be achieved. In this case, it may be challenging to account for transmissions since they would potentially overlap new transmissions thereby impacting performance. This aspect would need to be studied further as it would determine the grant allocation mechanism that should be used. 

If the users on the uplink, then there would need to be a mechanism specified that would periodically adjust the UE timing so that they are received in a synchronized fashion at the NodeB. The accuracy and granularity would need to studied and taken into account in evaluating the performance gains in a dedicated secondary carrier.
Proposal 5: Discuss whether UEs should be synchronized on the uplink in a dedicated secondary carrier.

Soft Handover
One of the operational aspects that was discussed at the last RAN1 meeting is whether soft handover should be permitted on the dedicated secondary carrier. It is mentioned in [4] that one of the benefits of dedicated secondary carrier operation is to remove the need for continuous searcher operation for active set maintenance. However, the lack of soft handover in conjunction with operation at high RoT levels may result in excessive out-of-cell interference. This aspect would need to be considered when evaluating the potential gains. The absence of soft handover would also prevent the UE from availing of gains from selection combining. On the other hand soft handover allows for interference management and potentially even interference cancellation at the non-serving cells. In Rel-9 the requirement of a second dedicated searcher was already established and so there would not be an increase in UE complexity. Therefore, the motivation for the removal of soft handover would have to be compelling.
Proposal 6: Discuss whether soft and softer handover should be allowed in dedicated secondary carrier operation.

CPC

In DC-HSUPA, the UE is allowed to enter DTX independently on each uplink carrier. In the absence of data or serving grants, the UE would enter DTX cycle 1 on the secondary carrier and after a period of time DTX cycle 2. When considering the gains of secondary carrier operation, it is important o establish a baseline where CPC is permitted with UEs in both cycle 1 and cycle 2. The parameters of the two cycles would need to be discussed further.

Proposal 7: Assume CPC operation for the baseline case.

Power Control
In order to reduce overhead, it is proposed in [4] that the preamble and post ambles be removed for the secondary carrier. In this case, power control would have to begin only when the UE transmits data on the uplink. If the initial power is lower than desired and power control is unable to converge to the target SIR value in a small number of TTI’s then all the transmissions may fail and would need to be retransmitted. This would indeed be typical when the channel undergoes deep fades. Therefore there may be a need to optimize power control in order to increase the rate of convergence. Alternatively, it would also need to be studied whether a two slot preamble would indeed cause a significant reduction in gains as there would be some offsetting aspects in power control. 

Proposal 8: Discuss the need for enhanced power control algorithms to ensure faster convergence.

Carrier Imbalance

In Rel-8, the issue of carrier imbalance and the corresponding ACLR and ACS aspects were investigated. At the time, due to the transmission of the pilots and overhead, the effect of the imbalance between carriers was studied and considered to be within tolerable bounds and did not cause a significant impact to performance. The same is the case for DC-HSUPA. In the case of dedicated secondary carrier, the expectation is that the UE would operate at significantly higher rates on the secondary carrier which would be operated at high RoT levels. The primary carrier on the other hand would have a lower RoT target and be used mainly for legacy transmissions and overhead. The rate difference between the two carriers would lead into an imbalance in transmitted powers between the two carriers – one that is higher than the legacy case. The effect of this imbalance would need to be investigated and the impact should be taken into account in the study.
Proposal 9: Consider the effect of carrier imbalance in the study.

3
Conclusions

In this contribution, some aspects of the dedicated secondary carrier were discussed. It is considered that some design issues would need to be addressed so that we have a complete understanding of the operation of the dedicated carrier.  The following is proposed:
Proposal 1: The specific deployment scenarios to be considered in the study are discussed and finalized.

Proposal 2: Discuss whether legacy users should also be allowed to transmit in the Dedicated Secondary Carrier.
Proposal 3: HARQ operation is allowed on the Dedicated Secondary Carrier

Proposal 4: Discuss the mechanism in which grants are allocated to re-transmissions 
Proposal 5: Discuss whether UEs should be synchronized on the uplink in a dedicated secondary carrier.

Proposal 6: Discuss whether soft and softer handover should be allowed in dedicated secondary carrier operation.

Proposal 7: Assume CPC operation for the baseline case.

Proposal 8: Discuss the need for enhanced power control algorithms to ensure faster convergence.

Proposal 9: Consider the effect of carrier imbalance in the study.

4
References

[1] RP-122019, “New Study Item proposal: Study on Further EUL Enhancements”, Ericsson

[2] R2-130758, “LS on further EUL enhancements”, Ericsson
[3] R1- 131556, “Physical Layer Considerations for Dedicated Secondary Carrier”, Ericsson
[4] R2-131121, “Dedicated secondary carrier – introduction of the feature”, Ericsson, ST-Ericsson
[5] R1-131557, “Initial Simulation Assumptions for Dedicated Secondary Carrier”, Ericsson, ST-Ericsson

