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1 Introduction
The study item on Small Cell Enhancement was started up at RAN1#72 and it was proposed to consider overhead reduction to improve spectral efficiency [1]. In this contribution, the evaluation on uplink DMRS overhead reduction for small cells and views about different ways to achieve such reduction are provided.
2 UL DMRS Overhead Reduction
DMRS overhead reduction is a potential enhancement to improve spectral efficiency for small cell scenarios. For Rel-11, UL DMRS occupies 2 OFDM symbols per subframe which gives the overhead of 14%. If the overhead is reduced by, for example 50%, then at most 7% throughput gain can be achievable in UL. Several potential schemes of UL DMRS overhead reduction were proposed at RAN1#72, including reduced DMRS symbol and DMRS and data multiplexing within the duration of a legacy OFDM symbol.
2.1 Reduced DMRS symbol
One scheme for UL overhead reduction is to simply drop 1 DMRS symbol in a subframe to reduce the overhead by 50%. In small cell scenarios, UEs are expected to experience small channel selectivity both in frequency and time domain which motivates the study of this approach for spectral efficiency improvement. 
Either the first or second DMRS symbol in a subframe can be dropped. An example of reduced DMRS symbol is illustrated in Figure 1, where the DMRS symbol in the second slot is dropped and used for transmitting PUSCH data. With this approach, the existing receiver implementation can be extended without changing latency budgets. As for the dropped DMRS symbol position, one option is to transmit more redundancy bits with one more OFDM symbol per resource block. Other options, e.g. adjusting transport block size and transmitting more information bits are also possible. 

[image: image1]
Figure 1: UL DMRS overhead reduction

Observation:

· Dropping the DMRS symbol in the second slot may be considered as a way to reduce UL overhead with reasonable complexity
2.2 DMRS and data multiplexing
Another scheme was proposed in [2] to enable DMRS and data multiplexing in the same symbol to reduce UL DMRS overhead. This approach significantly increases the implementation complexity, both at the transmitter and receiver. 
One way of achieving the scheme in [2] is to map DFT-precoded data to an IDFT modulator of shorter length than the legacy DFT modulator, in order to accommodate shorter data symbol duration while keeping the legacy sampling rate. A specific IDFT modulator length is needed for the DMRS symbol as well, for the same reason. Thus, it seems that multiple additional IDFT lengths are needed in the same subframe in order to support the scheme in [2]  (Corresponding complications are experienced at the receiver, too). 

In order to achieve the desired overhead reduction, the CP lengths for respectively data and DMRS as well as the corresponding symbol lengths need to be carefully evaluated. Therefore, for certain system bandwidths new FFT sizes might need to be considered for optimized data/DMRS partitioning.  

Another consequence of the scheme in [2] is that the LTE subcarrier spacing of 15kHz is altered, which appears as a violation of one of the corner stones of the LTE system. For example, frequency domain multiplexing of PUSCH for different UEs is affected by inter-UE interference because of the altered subcarrier spacing for the different UEs at the positions corresponding to legacy DMRS symbols. Therefore, even UEs that are scheduled on non-overlapping bandwidths may experience mutual PUSCH interference because of the mismatched base functions due to the different subcarrier spacings.
In terms of overhead reduction, the technique in [2] appears slightly inferior to straightforward dropping of one DMRS symbol, because of the presence of an additional CP.
In summary, time domain multiplexing of data and DMRS within the same legacy LTE OFDM symbol time budget is not a preferred solution for UL overhead reduction.
Observation: 

· DMRS and data multiplexing significantly increases the implementation complexity and standardization efforts, without clear advantages compared to other UL overhead reduction techniques.
Proposal
· Do not introduce DMRS and data multiplexing in LTE Rel-12.
3 Simulation results

In this section, the evaluation on reduced DMRS symbols is presented. Link-level simulation results are provided and the simulation assumptions are based on those agreed in [3] [4] and shown in Table 1 in Appendix.
Link-level performance of Rel-11 DMRS pattern and reduced DMRS pattern (i.e. dropping the DMRS symbol in the second slot every subframe and introducing redundancy bits in the same position) is compared in Figure 2. Based on the results, around 6% gain is observed with reduced DMRS symbol for scenarios without any interference. When there is an interference with INR0dB, around 4% gain is observed. 
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Figure 2: Rel-11 DMRS vs. reduced DMRS
Observation:
· Reduced DMRS has a spectral efficiency gain around 4-6% for small cell scenarios depending on interference level. 
According to the scenarios and requirements described in [5], good performance should be targeted for UEs with speed up to 30km/h in small cells. The performance of reduced DMRS for different UE speeds is studied with EPA channel and shown in Figure 3. It is observed that the performance of reduced DMRS degrades rapidly with UE speeds already in the order of 10km/h. When UE speed is up to 30km/h, a loss in spectral efficiency with reduced DMRS symbol is seen. Therefore, it should be identified for which scenarios the reduced DMRS symbol can be applied to achieve robust performance and positive gain in spectral efficiency.
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Figure 3: Rel-11 DMRS vs. reduced DMRS with different UE speeds
Observation: 

· The performance of reduced DMRS symbol has a strong dependency on UE speed.

Proposal: 

· In case reduced DMRS symbol is introduced, it should be identified which scenarios it should be applied to achieve robust performance and positive gain in spectral efficiency.
4 Conclusions

In this contribution, an evaluation on potential schemes for UL DMRS overhead reduction is provided. Link-level simulation results are presented and discussed. Based on the discussion, the following observations and proposals are made:
Observation: 

· Dropping the DMRS symbol in the second slot may be considered as a way to reduce UL overhead with reasonable complexity
· DMRS and data multiplexing significantly increases the implementation complexity and standardization efforts, without clear advantages compared to other UL overhead reduction techniques.

· Reduced DMRS has a spectral efficiency gain around 4-6% for small cell scenarios depending on interference level. 

· The performance of reduced DMRS symbol has a strong dependency on UE speed.
Proposal: 

· Do not introduce DMRS and data multiplexing in LTE Rel-12.
· In case reduced DMRS symbol is introduced, it should be identified in which scenarios it should be applied to achieve robust performance and positive gain in spectral efficiency.
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6 Appendix
Table 1: Link level simulation assumptions.

	General parameters

	Carrier frequency
	3.5 GHz

	Bandwidth
	10 MHz

	Channel model
	EPA

	Antenna configuration
	2TX 2RX

	Link adaptation
	On

	Rank adaptation
	On

	eNB receiver
	MMSE-IRC

	Sequence group hopping
	On
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