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1 Introduction
LTE Release-8 targets cell coverage of up to 100 km [1]. In geographic areas with good propagation conditions, it may be feasible to go beyond the Release-8 cell coverage requirements. In our earlier contribution, we considered extending the range of the TA (Timing Alignment) command during initial access and provided analysis on the impact on the implementation and specifications [5]. This method is a way to achieve cell range extension with relatively small specification changes. However, even with this solution, the supported range is 160 km, due to the bit-width limitation of the TA command transmitted in MAC control element.

In this contribution, we consider the possibility for an alternative solution for cell range extension by changing the UE time alignment procedure. This solution appears to be a future-proof design, allowing cell range extension in a systematic way, without limitation from MAC message formats.
2 Discussion 
2.1 Uplink Time Alignment
During the initial access procedure, UE transmits the random access preamble in a pre-determined subframe. UE then monitors common search space for PDCCH for Random Access Response identified by the RA-RNTI within a pre-configured window. The RA Response window starts at three subframes after the end of the preamble transmission. The window length is configured by a higher-layer parameter ra-ResponseWindowSize in the RACH-ConfigCommon IE in the RRC message. The UE procedure for reception of Random Access Response is described in Section 5.1.4 of TS 36.321. 

-
if the Random Access Response contains a Random Access Preamble identifier corresponding to the transmitted Random Access Preamble (see subclause 5.1.3), the UE shall:

-
consider this Random Access Response reception successful;

-
process the received Timing Advance Command (see subclause 5.2);

Uplink time alignment procedure is described in Section 5.2 of TS 36.321:
The UE has a configurable timer timeAlignmentTimer which is used to control how long the UE is considered uplink time aligned [8].

The UE shall:

-
when a Timing Advance Command MAC control element is received:

-
apply the Timing Advance Command;

-
start or restart timeAlignmentTimer.

-
when a Timing Advance Command is received in a Random Access Response message:
-
if the Random Access Preamble was not selected by UE MAC:

-
apply the Timing Advance Command;

-
start or restart timeAlignmentTimer.

- 
else, if the timeAlignmentTimer is not running:

-
apply the Timing Advance Command;
-
start timeAlignmentTimer;

-
when the contention resolution is considered not successful as described in subclause 5.1.5, stop timeAlignmentTimer.
-
else:

-
ignore the received Timing Advance Command.
-
when timeAlignmentTimer expires:

-
flush all HARQ buffers;

-
notify RRC to release PUCCH/SRS;

-
clear any configured downlink assignments and uplink grants.

In Rel-8, once the Timing Advance Command is received in RA Response message, UE procedure does not allow reception of multiple RA response messages. The UE procedure for Rel-9 could be modified to allow reception of TA commands in multiple sub-frames. 

-
If the received Timing Advance Command is within the allowed the index value TA (0, 1, 2… 1282), apply the Timing Advance Command

-
else, if the received Timing Advance Command is outside the allowed the index value TA (0, 1, 2… 1282), 

- apply the Timing Advance Command assuming the index value TA of 1282. 

- wait for Random Access Response message within the allowed the index value TA (0, 1, 2… 1282) until the received Timing Advance Command falls within the allowed index value TA (0, 1, 2… 1282). 
For a UE that requires Timing Advance of index value 2000, 
· Step 1: Initial RA Response is sent to the UE with Timing Advance value of 1283
· Step 2: Another RA Response is sent to the UE in a subsequent subframe with Timing Advance value of 718. 
The UE applies combined Timing Advance value of 2000 for transmission of RA message 3.
2.2 Downlink Time Alignment
The downlink timing at the UE is determined relative to the downlink radio frame timing. Due to the large propagation delay for the UE at the edge of a large cell radius, the UE processing time is affected as described in [4]. However, no special timing adjustment at the eNB transmitter is expected.

3 Summary
In this contribution, we described an alternative approach for cell range extension by a standardized solution. The proposed solution is based on the eNB capability to estimate round-trip delay corresponding to a large cell radius, and an approach to send Timing Advance Commands in multiple RA Response messages. 

The proposed method requires relatively simple changes in UE procedure for the reception of RA Response Command and the way UE applies the Timing Advance Command. This solution is a modular way to support extended cell range beyond the Timing Advance command range, which is currently limited to 100 km. 
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