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1 Introduction
A study item on LTE coverage enhancements was approved at RAN#53 [1]. After the email discussion, the evaluation results and the potential bottlenecks were summarized in [2]. The proposals for further investigation include:
· Further investigate coverage enhancements for medium data rate and VoIP in UL with first priority, and for Msg3 with second priority.

· Further investigate coverage enhancements for DL control channel(s). And this part is proposed to be processed in “Enhanced downlink control channel(s) for LTE” WI.

· Further enhancements for other channels are FFS.

Since potential DL control channel enhancements will be considered under ePDCCH WI, we focus our discussions on the potential solutions for UL coverage enhancement in this contribution.
2 Potential Solutions for UL Coverage Enhancement 
In this section, we discuss different options for UL coverage enhancement in FDD systems. Some are already supported in R8-10, some are already under discussion in R11, and some have not yet been discussed. Some of the solutions are only applicable in interference-limited scenarios, not noise-limited scenarios. For each solution, we explain the applicable channel/signalling (PUSCH medium data rate, VoIP, or Msg3), applicable scenarios, performance impact, and the specification impact (if any).
2.1 Techniques/Features Supported in Rel 8-10
Some techniques and features that are already supported in or compatible with Rel 8-10 can be exploited to maximize the coverage, including:

· 4-rx or 8-rx at the eNB: the UL coverage for PUSCH/PUCCH/Msg3 can all be improved when more receive antennas are deployed. Compared to 2-rx antennas, 4-rx antennas is expected to provide roughly 2.5~5 dB coverage gain, and 8-rx antenna is expected to provided roughly 5~8 dB coverage gain. The gain highly depends on the fast fading channel model and the antenna correlation.
· Frequency-selective scheduling: the eNB can take advantage of the frequency selectivity of the channel, by scheduling the UEs in the PRB(s) with more favourable channel condition. This provides gain over frequency non-selective scheduling with PUSCH hopping when the channel is varying slowly in time domain. For Doppler less than 10Hz, it is expected that frequency-selective scheduling can provide about 1 dB gain in coverage. It can be applied to both medium data rate and VoIP (when it is dynamically scheduled, not using SPS). But Msg3 cannot benefit from it because no CSI is available at the time.
· ICIC in the frequency domain: In an interference-limited environment, ICIC improves the performance by coordinating the interference among cells. The performance gain is implementation dependent. Typically a non-trivial gain can be achieved for cell-edge UEs, which directly translates into larger coverage. This means that VoIP and Msg3 coverage can benefit from ICIC. Whether the medium data rate coverage benefits to a similar extent depends heavily on the implementation. For example, if a virtual hard frequency reuse is adopted, PUSCH medium data rate would expect similar coverage improvement as VoIP and Msg3. Otherwise, it may see less.
· Closed-loop rank-1 transmission with 2-tx or 4-tx antennas (UL-MIMO): R10 supports UL closed-loop rank-1 transmission for 2-tx and 4-tx antennas. For high-end UEs with multiple antennas, it provides additional gain compared to single antenna transmission. This is applicable to both data and VoIP, but not Msg3. However, the gain is relatively small, less than 1 dB for 3km/h and less than 0.4 dB for 30km/h based on the evaluations in [3].
· UL CoMP: UL CoMP, either intra-site or inter-site CoMP can improve the coverage for both medium data rate and VoIP in interference-limited scenarios. UL CoMP can be completely up to eNB implementation and transparent to the UE. Therefore, it can be already supported by the existing Rel 8-10 specifications. There could be further enhancement introduced in Rel 11 that provides more optimization. However, it does not apply to Msg3 because the coordination is not available before PUSCH is set up.

· IRC receiver: compared to MRC, the IRC receiver performs better when the interference is more spatially colored. However, unlike in DL where the major interference usually comes from one or two strongest neighboring cell(s), the interference in UL usually comes from numerous UEs of multiple surrounding cells, and therefore tends to be less spatially colored. Therefore, the IRC receiver is not an easily assessable solution for coverage enhancement, and we therefore do not consider it further here.
2.2 New Solutions
Additional coverage enhancement solutions that can potentially be included in R11 and future releases include:

· Enhanced TTI bundling for VoIP: currently 4-TTI bundling is supported in R8-10.  As a natural extension, more TTI bundling can provide additional coverage gain. For example, if 8-TTI bundling is used instead 4-TTI bundling, about 3 dB gain is expected. The cost for this coverage gain is more PRB resource usage, and slightly longer delay. There will also be specification impact in order to support more TTI bundling.
· TTI bundling for Msg3: even with RLC segmentation, Msg3 can still potentially become the UL bottleneck for VoIP and low data rate services on PUSCH. A relatively straightforward way to improve Msg3 coverage is to apply TTI bundling to Msg3, as suggested in [3]. Since TTI bundling is already supported for PUSCH, the design can be reused, and it is a relatively small change to the eNB and UE implementation. Additional signalling will be needed to notify the UE whether TTI bundling is used for Msg3 or not.
· Open-loop transmit diversity scheme with 2 or 4-tx: for high-end UEs with multiple antennas, an open-loop transmit diversity scheme could also be considered for PUSCH in Rel-11. In [3], it was shown that transmit diversity provides about 1~1.5 dB gain over SIMO for 3 km/h and 30 km/h. Compared to closed-loop rank-1 transmission, it provides ~0.2 dB gain for 3 km/h, and 0.5~1 dB gain for 30 km/h.
3 Conclusion
In this contribution, we discussed different options available to improve the coverage for PUSCH medium data rate, VoIP and Msg3. The properties of the options are summarized in Table 1.
Table 1 Summary of potential solutions for UL coverage enhancement
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