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1. Introduction

RAN#58 in December 2012 started a new study item on Further EUL Enhancements [1].

One of the areas identified to be studied was “Improvements to EUL coverage when using single RAB as well as various multi-RAB combinations.” 

In this document a solution for uplink coverage enhancement to EUL 2 ms TTI is briefly outlined and initial results gauging its performance are provided.

2. Motivation

When operating voice over HSUPA or SRB over HSUPA payloads of 300-400 bits need to be transmitted in the order of once every 20msec, with fairly strict latency criteria. Although such payloads relate to small data rates, segmentation of voice frames is somewhat inefficient and thus, typically the whole payload is transmitted in a single HARQ process. From a link budget point of view, this means that an instantaneous data rate of 50-100kbps must be supported, which can be challenging for power limited UEs near to the edge of large cells.

Conventionally in such cells the HSUPA TTI length for power limited UEs is configured to 10msec in order to ease the link budget constraints. However this requires an increased amount of radio link reconfiguration procedures, and having a possibility to say in 2 ms TTI also in power limited situations and maintain SRB and voice links can be considered beneficial.

3. Basic concept

As discussed in [2], two easily identifiable directions to study for 2 ms TTI EUL coverage extension can be identified, TTI repetition and switching of TTI length. 

TTI repetition is used in LTE and could be considered for HSUPA for low data rates as well. If the UE becomes uplink power limited it could move/be moved to TTI repetition mode for subsequent transmissions. When the UE is in TTI repetition mode each 2 ms TTI is repeated N times. The switch could either take place autonomously in the UE similar to the 2 ms / 10 ms TTI selection for HS-RACH operation, or it could be based on Node B order.
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Figure 1: An example of switching to 4x TTI repetition.

Another alternative to EUL coverage extension is a more dynamic switching of TTI length than RRC based switching supported by the current standard. If the UE becomes uplink power limited it could move/be moved to 10 ms TTI mode for subsequent transmissions. When the UE is in 10 ms TTI mode the transport channel processing is switched to follow that defined for 10 ms TTI. Other TTI lengths than 10 ms could also be considered and there would be only a very limited impact in the calculation of available physical channel bits and the actual mapping of the bits to physical channel from that defined for 10 ms TTI . The switch to the longer TTI could either take place autonomously in the UE similar to the 2 ms / 10 ms TTI selection for HS-RACH operation, or it could be based on Node B order.
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Figure 2: An example of switching from 2 ms TTI 10 ms TTI operation

Practical issues to consider are at least

· HARQ process management when the number of supported HARQ processes is reduced during the TTI repetition / 10 ms TTI operation from the original 8 processes active in 2 ms TTI operation

· Whether autonomous or Node B controlled switching is more desirable

4. Initial Simulation results

As already show in [2], with HARQ disabled the following cases are simulated

· 2 ms TTI as known since Rel-6

· 10 ms TTI as known since Rel-6

· Automatic 2/10 ms TTI switching with no possibility to retransmit the 10 ms TTI

· 2 ms TTI with 7 x repetition (1+7 transmissions), and with no possibility to retransmit the repeated packet.

The link is considered coverage limited when it is not able to maintain 1% residual BLER target. The 2/10 ms TTI switching loses to native 10 ms TTI due to usage of 2 ms TTI gain factors when transmitting with 10 ms TTI.
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Figure 3: Coverage comparison of the different schemes

5. Conclusions

This document outlined two basic concepts that could be further developed investigated to answer to the EUL coverage enhancement objective of the Further EUL Enhancements study item.
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Annex – Objective of the Improvements to EUL coverage study item [1]

The objective of this study item is to identify potential technical solutions for increasing the uplink capacity, coverage and end user performance (e.g. latency, achievable rates, etc.). The improvements should address following scenarios

· Improvements to uplink user plane cell capacity with high number of users (high priority).

· Improvements to uplink coverage and latency (lower priority).

Currently identified areas include:

1) 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

2) Rate Adaptation to support improved power and rate control for high rates

3) Improvements to handling of dynamic traffic on EUL, e.g. more efficient grant handling, , improvements to the handling of scheduled and non-scheduled data and control transmissions during bursty traffic, etc.

4) Improvements to EUL coverage when using single RAB as well as various multi-RAB combinations.

5) Improvements to current access control mechanism to provide efficient approach for UTRAN in case of uplink overload.

6) Reduce UL control channel overhead for HSPA operation.

7) Mechanisms to perform UL data compression between the UE and the RAN

•
Evaluate compression gains and performance benefits for different types of smartphone traffic. At least UL capacity, signalling load, UE battery and latency should be considered.

•
Mechanisms to selectively enable/disable data compression when traffic is compressible/incompressible. 

8) Low-complexity uplink load balancing solutions, e.g. a fast uplink carrier switching in Cell_DCH state, especially for configurations where the downlink is configured in multicarrier operation while the uplink is in single carrier
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