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1
Introduction

One of the objectives within the Rel-13 work item on “Further LTE Physical Layer Enhancements for Machine Type Communications (MTC)” [1] is to specify coverage enhancement techniques for MTC applications. A 3GPP study item has identified PUSCH as the coverage-limiting channel [2]. Additionally, it has been agreed to constrain the maximum transmit power of a Rel-13 low-complexity (LC) UE for cost/complexity gains. Therefore PUSCH transmission from MTC UEs must support up to 18 dB coverage enhancement when the MTC transmit power is constrained below 20 dBm.
In case of large coverage enhancement, the quality of channel estimates has significant impact on PUSCH performance. Increased DMRS density has been considered to further improve the channel estimates. Following conclusions were made about increased DMRS density at RAN1 #81 [3]:

Observation 2: Based on 8 company’s simulation results, at the highest coverage enhancement level (18 dB),  when residual eNB CFO=100Hz, and when 3-4 cross SF channel estimation is use, doubling the DMRS density in PUSCH provides an average 10.3% reduction in repeats.

In this contribution we evaluate techniques that improve the DMRS density in terms of the initial BLER of bundled PUSCH transmissions.
2
Discussion

Legacy PUSCH transmission carries two DMRS symbols per subframe, one in each slot. To achieve coverage enhancement, the PUSCH subframe is repeated several times. Several repeated PUSCH subframes are transmitted over contiguous subframes, the so-called “bundled” transmission which reduces the amount of signalling overhead required. In case of Rel-13 LC UEs, it has been agreed to use frequency hopping as well to extract frequency diversity gains. Bundled PUSCH transmission occurs over the same set of PRBs for a few subframes, after which it hops to a new set of PRBs as shown in Figure 1. It is possible to filter the channel estimates over PUSCH subframes that occupy same set of PRBs. Cross-subframe channel estimation over 4-8 subframes using a moving average filter has been shown to significantly improve PUSCH performance, especially when the frequency offset is small.

[image: image1]
Figure 1 Bundled PUSCH transmission with legacy DMRS density and frequency hopping
There can be many ways to increase the DMRS density in PUSCH. We consider two of the most prominent approaches here:
Option 1: Additional DMRS symbols in each PUSCH subframe

One possibility for increased DMRS density is to designate additional symbols within a PUSCH subframe for carrying DMRS. This is shown in Figure 2 for one additional DMRS symbol per slot. Clearly, increasing the number of DMRS symbols leads to fewer symbols available for data transmission. This reduces the data energy, and also increases subframe code rate by puncturing the coded bits. However, improved channel estimates in each subframe might still improve overall performance.

[image: image2]
Figure 2 Bundled PUSCH transmission with 2X DMRS density and frequency hopping
The BLER for PUSCH transmission with a bundle size of 128 and a frequency hopping interval of 20 subframes is shown below. The transmission uses MCS 5 and RV cycling within the bundle. Frequency offset and timing errors are assumed to be absent. The other simulation parameters are those specified in the Annex.
We observe from Figure 3 that in case of 4-subframe channel estimation, doubling the DMRS density within each subframe leads to approximately 0.8 dB gain. It is possible to improve the performance further by increasing the channel filter length. The problem with increased filter length is that it might not provide effective gains in the presence of frequency offset. However, it is possible to use simple techniques that compensate for the effect of frequency offset on cross-subframe channel estimation [4]. The gains from additional DMRS are quite small when a larger filter length (8 subframes) is used. 
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Figure 3 Effect of doubling the DMRS symbols in each PUSCH subframe on performance

Introducing additional DMRS within a PUSCH subframe will lead to significant specification impact. Additionally, the gains from increased DMRS are restricted to poor SINR scenarios, and therefore will be restricted only to large coverage enhancement. In this case, a larger channel estimation filter with adequate frequency offset compensation for may already capture most of the gains.
Proposal 1 Additional DMRS symbols within a PUSCH subframe are not considered for Rel-13 LC UEs 

Option 2: DMRS-only subframe at the beginning of each frequency hop
In this approach, the Rel-13 LC UE transmits a DMRS-only subframe at the beginning of PUSCH transmission. Also, immediately after each frequency hop the Rel-13 LC UE transmits a subframe comprised entirely of DMRS symbols (Figure 4).  The advantage of this approach is that it can be used to improve the channel estimates and kickstart the frequency offset estimation.

[image: image4]
Figure 4 Bundled PUSCH transmission with DMRS-only subframes at the beginning of each frequency hop

The BLER for PUSCH transmission with a bundle size of 128 and a frequency hopping interval of 20 subframes is shown below. The transmission uses MCS 5 and RV cycling within the bundle. Frequency offset and timing errors are assumed to be absent. The other simulation parameters are summarized in the Annex.

We observe from Figure 5 that introducing a DMRS preamble subframe provides small or no coverage enhancement gains. The gains increase with the sliding window length, which is due to the fact that the initial channel estimate is used for a larger duration. Since we do not have a frequency offset, the advantage of DMRS preamble on its estimation is not visible. However as we have discussed in an earlier contribution, the effect of frequency offset on cross-subframe channel estimation can be effectively mitigated by proper location of the sliding window [4].
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Figure 5 Effect of DMRS-only subframe at the beginning of each frequency hop (“preamble”) on PUSCH performance
Introducing a DMRS preamble subframe will have a smaller specification impact than increasing DMRS density in each subframe. However, the gains observed are not large enough to justify this technique. Additionally the legacy DMRS symbols within the PUSCH subframe are derived as orthogonal cyclic shifts of a root sequence to mitigate interference. As such a higher amount of interference would be experienced by the data symbols that being used to carry DMRS symbols, further reducing any coverage gains.
Proposal 2 The number of DMRS in PUSCH subframe stays the same in all subframes

3
Conclusions

Based on the discussion above, we propose that
Proposal 1
Additional DMRS symbols within a PUSCH subframe are not considered for Rel-13 LC UEs
Proposal 2
The number of DMRS in PUSCH subframe stays the same in all subframes
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Annex: Simulation assumptions
	Parameter
	Value

	Carrier Frequency
	2 GHz

	System Bandwidth
	10 MHz

	Antenna
	1×2, low correlation

	Channel Model
	EPA, 1 Hz Doppler

	Carrier Frequency Offset
	0 Hz

	Frequency hopping
	Every 20 subframes

	PUSCH Bandwidth
	1 PRB

	MCS (TBS)
	5 (72 bits)
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