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1 Introduction

In RAN#58 a new SI “Study on Further EUL Enhancements” was approved [1]. 

Two of the identified study areas and objectives are:

· Enabling high user bitrates in a mixed-traffic scenario by means of, e.g., a more efficient method of confining high-RoT operation to dedicated secondary carriers
· Reduce UL control channel overhead for HSPA operation.
This paper describes some high level methods in order to achieve the above mentioned objectives
2 Discussion

In a WCDMA system all users share the same uplink radio resources and can access the system at the same time. The separation of different users is achieved by using different scrambling codes. Due to the non-orthogonality of the codes, significant interference is still experienced. The interference increases with the increase of the transmitted bitrates. High bitrates introduce high interference to other users, and those users must increase their transmit power to overcome the interference and maintain their required signal to interference ratio at the receiver, affecting the cell both in terms of capacity and coverage. As a consequence the high bitrates supported by the 3GPP specifications are not sufficiently used in real network and mixed traffic environments. 
It is well known that the most efficient way for a very high bitrate user to transmit in the uplink in a cell is when that user is alone, and can both achieve the required high signal to interference ratio, and avoid affects on other users in the cell. To enable ubiquitous high bitrate operation in a real-network environment, it makes sense to consider ways to isolate high-bitrates transmissions from users that are vulnerable to the high interference created and vice versa.
A natural way to accomplish this within the current WCDMA technology is to make use of a dedicated carrier, e.g. having a first “regular” carrier providing the basic services and a second carrier dedicated exclusively to high-bitrate transmissions. 

One method of implementing this idea is to make use of the Inter-Frequency Handover (IFHO) procedure. Users are admitted on the regular carrier where user bitrates are limited to a certain maximum value. When there is a need for higher rates, the UE is reconfigured to a dedicated high-bitrate carrier using the IFHO procedure. When the need for high rates disappears, the UE is reconfigured back to a “regular” carrier.

This procedure has some major drawbacks when we consider real bursty network traffic, in that it entails continuous re-allocation of system resources and increased RRC signalling (with associated delays). Furthermore the method doesn’t seem to be efficient in case of MRAB (e.g. in case a speech call is initiated while the UE is configured on a dedicated carrier)

An improved method is to make use of the Rel-9 DC-HSUPA feature. A UE can transmit simultaneously on two carriers, a primary carrier and a secondary carrier. The traffic can be split among the two carriers based on the respective serving grants. The primary carrier can be configured as a regular carrier and the secondary as dedicated high-bitrate carrier where only one user is allowed to transmit at a time. When there is no high-bitrate need, the UE is scheduled to transmit data only on the primary carrier. When there is the need, the UE can be scheduled to transmit on the secondary carrier in addition to the primary carrier or on the secondary carrier only, and subject to the availability of the secondary carrier.

This DC-HSUPA method is an obvious improvement for real bursty traffic compared to the IFHO method above. However it still has a number of drawbacks. For example it requires continuous activation and de-activation of the secondary carrier, with evident costs in terms of delays. As an alternative, maintaining the secondary uplink carrier active would imply frequent transmission of the UL DPCCH with increased interference and UE power consumption.

An approach to solve the above drawbacks based on the existing foundation of DC-HSUPA has many advantages.
2.1 Cost efficient carrier

In order to overcome the issues described in the previous section regarding DC-HSUPA, it would be desirable to have a more cost efficient secondary carrier, with regards to the cost for the UE and the network in terms of: 
1. Signalling and delays 

2. Battery consumption for the UE 

3. Impact of uplink interference on DPCCH of inactive users
4. Impact of DPCCH of inactive users on network capacity.
To minimise delays and latency it is desirable to make the new carrier an “always on” carrier, which doesn’t need to be activated and deactivated. Obvious consequences are the increased UE battery consumption (issue 2), increased uplink interference (issue 3) and reduced network capacity (4). The sections below discuss how these issues may be overcome.
2.2 UL control channel overhead reduction
CPC, continuous packet connectivity, can be used to reduce UL control channel overhead, but significant overhead remains. Firstly, the UE has to transmit the UL DPCCH at regular intervals in order for the system to maintain UL synchronisation.  Considering that the interference on the secondary carrier may be severe since the carrier is intended for high-bitrate operations, the UL DPCCH power must be sufficiently high in order to maintain an acceptable signal-to-interference ratio.  From a network perspective, the interference from many DPCCH bursts from inactive users consumes considerable capacity of the secondary carrier. 
Secondly, when granted to transmit on the secondary carrier, the UE no longer experiences the strong interference from other high-rate transmissions, The high DPCCH power then becomes a significant source of inefficiency since the power of all other channels, including the data channel, are set relative to the DPCCH.
This issue may be overcome by defining methods for UL control channel overhead reduction, in order to limit for instance the transmission of the UL DPCCH when the UE does not have data to transmit. A high level goal can be that the UE should only transmit DPCCH on the secondary carrier when it has something (ie data) to send. The question becomes how quickly UL and DL synchronization can be achieved on the secondary carrier for the sole purpose of data transmission, given that synchronization is already maintained on the primary carrier.
One issue related to the reduced UL control channel overhead is that, assuming that the UL DPCCH is for instance not transmitted when there’s no data to transmit, the network would need to know in advance if the UE has to transmit data and when the UE is going to transmit its data. 
New synchronization mechanisms can be adopted in order to secure the synchronisation on the secondary carrier even though the UE has been inactive for a long time period provided that, when transmitting, the UL DPCCH is not interfered by other users. The network hence needs to know when UEs that are currently transmitting data will complete their transmission, in order to secure that the UL DPCCH from one user will not be interfered by the UL DPCCH (and other UL channels) from other users. 
2.3 Time limited grants 
A way for the network to determine when a UE is going to transmit data and when it will complete the transmission (so as to avoid UL interference among different users) may be for instance by the use of scheduling information (either legacy or “enhanced” SI) and knowledge of the currently  allocated grants in Uplink. 
When the UE needs to transmit something on the new carrier, it will request a grant. 
The network may issue a first AG on the E-AGCH on the secondary carrier. A second AG with value "ZERO_GRANT" or "INACTIVE" can be sent a number of TTIs later to the user to cancel the original grant, hence providing the effect of a time-limited grant. The drawback of this method is the doubled number of grants needed and the risk related to, especially, the missed detection of the second grant  
A better alternative may be for the network to indicate to the user the exact TTI for the start and end of the transmission, together with the granted bit rate, e.g., by means of a new grant channel and/or new granting rules. 
In this way the network has tighter control of the allocation of the granted TTIs for a user, and can both

· Make sure that no other user will transmit (if so desired) during the time frame that the granted user transmits (neither user plane nor control plane transmission)
· Allocate available TTIs to another user with minimum delay, since it is aware exactly when the current user will finish
3 Conclusion
In section 2 it has been outlined how to enable high user bitrates in a mixed traffic scenario, by means of cost efficient always on carrier which makes use of reduced UL control channel overhead and time limited grants
Based on this discussion we propose
Proposal 1 Discuss the merits of a cost efficient, always on secondary carrier, making use of reduced UL control channel overhead and time limited grants

Proposal 2 Send a LS to ask RAN1 to discuss L1 improvements needed for creating a cost-efficient secondary carrier suitable or high-bitrate operations.   
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