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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 this contribution, we consider the feasibility of supporting cell range extension and provide high-level analysis of both implementation and specification aspects.
2 Discussion 
The LTE physical layer procedure and physical layer parameter are designed based on target cell radius of 100 km. Cell range extension to beyond 100 km may be feasible by eNB implementation: 
· RA preamble detection: The CP length of the RA preamble is designed to support up to 100km, to allow efficient frequency-domain correlator implementation. To support range extension with the current structure, time-domain correlator may be used for optimal performance. Alternatively, the frequency-domain correlator could be used, with tradeoff in detection performance.

· PUSCH transmission: Due to the limitation in TA command range in Release 8, the received UL signals from remote users are no longer time aligned, and would spill over to adjacent subframes, causing interference. 

· For RA message 3, the reception timing of RA message 3 is configurable within a certain window size. RA message 3 for users in different ranges may be scheduled at different subframes (TDM). Alternatively, FDM is a little more sophisticated approach and is also feasible.
· TDM/FDM separation is feasible for traffic channels,
· Over time, the UL timing offset may be corrected, by sending consecutive relative TA commands. 
· The eNB receiver has to support special handling of the signals from remote users. For example, eNB may place different FFT windows, depending on the range of users (eg. 0-100km, 100-200km). 
The fundamental problem with the above solution is the expected capacity loss. The signals from remote users spill over in 2 subframes, provisioned by the scheduler. It would be desirable to be able to align the received signals over a larger range, to avoid the capacity loss.

2.1 Physical channel parameters
The main physical channel parameters that may depend on the cell radius are:

· Timing Advance command

· Cyclic prefix length

· Random access parameters

Timing Advance command:
During initial access, Timing Advance command TA  is sent to the UE in the random access response in the MAC payload. The command is specified with 11 bits, while the current range is limited to [0,…,1282], supporting cell radius up to 100 km. Full range that can be represented with 11 bits is [0,…,2047], which corresponds to cell radius of 160 km. 

In other cases, Timing Advance command is sent with a 6 bit command with index values TA = 0, 1, 2,..., 63, where the timing is updated from the current NTA value, NTA,old, to the new NTA value NTA,new, as NTA,new = NTA,old + (TA (31)(16. This process involves relative adjustment to take into account any variation in uplink timing, for example due to UE mobility and multipaths. Since this is relative adjustment with respect to the current value, there is no need to change this range. 

Cyclic prefix length:
In some scenarios, larger cell radius may result in increase in delay spread than in normal cell sizes. An extended CP may be configured to avoid inter-symbol interference due to large delay spread, which is already supported in Release-8.

Random access parameters:
Four random access preamble formats are supported in LTE, targeting different cell radius and detection performance up to 100 km. RA preamble format 1 or 3 may be configured for large cells. For cell sizes larger than 100 km, gap may be created by the scheduler in a subsequent subframe, in the corresponding PRBs where PRACH is configured. This would allow sufficient guard time for large cell operation.
With the current CP length of 
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, small change in the correlator operation is required, with tradeoff in RA preamble detection performance.
Random Access preamble sequence configuration requires zeroCorrelationZoneConfig (Ncs) value. This value is provided by higher layer configuration in a broadcast message. This configuration is determined at the eNB depending on cell radius and the expected Dopper depending on cell environment. For cell sizes larger than 120 km, orthogonal Zadoff-Chu sequence cannot be generated from a root Zadoff-Chu sequence. In a large cell, all 64 preambles can be configured with different root sequences, which are pseudo-random sequences. Due to large number of sequences required per cell, sequence reuse distance will be affected.
2.2 Processing time
The processing time at the eNB and the UE is related to HARQ design in Release-8. With 8 HARQ processes, the eNB processing time budget is 3ms. The UE processing time (decoding for DL, encoding/multiplexing for UL) is of 3 ms minus the propagation roundtrip time (TRx=3 ms – 2Tp). The additional propagation delay introduces reduction in UE processing time by 6.7 (s/km [6] [7]. For a UE at the edge of the cell (ie 160km away from the base station site), the processing time is reduced by 0.4 ms. It is observed that the supportable bit rate for cell edge users is low due to link budget limitations. The reduced data rate requirements may offload portions of the processing time, required for encoding/decoding data. 
Timing between random access response and RA message 3 is configurable by eNB software. Sufficient UE processing time for RA message 3 transmission can be allowed by eNB configuration.
2.3 Release-8 UE behaviour
It is envisioned that support of extended cells will be an optional feature for UE. There are a few observations for Release-8 UEs operating in extended cells:

· Coverage hole for Release-8 UE: Release-8 UE behavior in response to TA command beyond [0,…1282] is currently undefined. Random access of Release-8 UEs could be supported when the UE is within 100km range. For Release-8 UEs located beyond the 100km range, Random Access procedure may fail, due to an invalid TA command.
· An alternative is to block Release 8 UEs by cell barring and allow only UEs supporting large cells. 
· Release-8 UE can access when the UE is within 100 km range. The UE will lose connection when it moves beyond 100km.

· In mixed deployment of normal cells (<100km) and extended cells, HO of Release-8 UEs from the normal cell to extended cell is not supported. 
2.4 Specification impact
The range of supported TA command is limited to [0,…,1282], in TS 36.213 and corresponding RAN2 specification TS 36.321. The range of TA command may be extended to [0,…,2047] without changing MAC PDU structure:
In case of random access response, 11-bit timing advance command [x], TA,  indicates NTA values by index values of  TA = 0, 1, 2, ..., 1282, where an amount of the time alignment is given by NTA = TA (16. NTA is defined in [x].
The corresponding change is needed in the MAC spec (36.321):
-
Timing Advance Command: The Timing Advance Command field indicates the index value TA (0, 1, 2… 1282) used to control the amount of timing adjustment that UE has to apply (see subclause 4.2.3 of [x]). The size of the Timing Advance Command field is 11 bits;

 

The section 8.1 in the 36.211 (Uplink-Downlink frame timing) needs to be updated, or else we extend the range for TA, but still limit the applicable range for Timing Advance to what we have today. Note that 20512 = 16*1282, as the applicable timing advance is defined as steps of 16 Ts. The same change is expected in RAN4 specification TS 36.133:
Transmission of the uplink radio frame number 
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 seconds before the start of the corresponding downlink radio frame at the UE, where 0 ( NTA ( 20512, 
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 for frame structure type 2. Note that not all slots in a radio frame may be transmitted. One example hereof is TDD, where only a subset of the slots in a radio frame is transmitted.

3 Summary
In this contribution, we discussed the feasibility for cell range extension with a standards based solution and provided high-level analysis of both implementation and specification aspects. This approach would support extension up to 160 km range, while preserving the structure of MAC payload format of Random Access Response message. Further analysis on the Release-8 UE behaviour and UE implementation aspects is required from UE vendors. Link budget balance between the UL channels needs to be taken into account in the range extension study. Initial study from Release-8 design phase are available in [9]

 REF _Ref243442381 \r \h 
[10] as a starting point.
Requirement to support further extension to beyond 160 km is currently unidentified. If such a requirement is identified, an alternative approach may be needed to allow a modular and future-proof design. Inputs from the operators are needed before embarking on such study.
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