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1
Introduction

During RAN1#60bis, the following working assumption for the extended CP has been agreed:
· In case of rank 1-2, DM-RS overhead of 16 REs per PRB pair for extended CP with normal subframe
· FFS on detailed pattern
In this contribution we present our views on the detailed DM-RS pattern for rank 1-2 in ECP while further details regarding the DM-RS operation for high number of layers as well as in DwPTS are discussed.

2
Rank 1-2 patterns
With the agreed options for rank 1-2 DM-RS overhead for extended CP, available choices are rather straightforward. One has to follow the same design principles as for normal CP, hence the two main candidates patterns are presented in Figure 1.
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(a) ECP-P1                                                    (b) ECP-P2
Figure 1: DM-RS rank 1-2 patterns for extended CP (a) staggered, (b) non-staggered
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Beyond rank 2 considerations
Main usage of extended CP is in face of large delay spreads of the channel, hence the potential use case is for large cells. In such conditions, coverage is the main concern which leads to the utilization of low ranks, i.e. rank 1-2. Current overhead of 16 RE for ranks 1-2 implies, following previous methodology used for normal CP, that 32 REs are to be considered for beyond rank 2 usage while for beyond rank 4 one has to potentially handle OCC 4 on the available resources (24 RE). Given the too high overhead and an expected low probability of beyond rank 2 usage in extended CP conditions, we propose to limit the ECP design to rank two operation.
· Limit the Rel-10 DM-RS design for extended CP to rank 1-2 operation.

In TDD, DwPTS is known to be difficult territory in terms of resource elements handling. Normal CP operation allowed for a shifted version of the DM-RS pattern in DwPTS region. However, for extended CP the available resource elements are scarce, which may lead to questionable DM-RS arrangements, not to mention potential high rank operation. In face of such restrictions, we propose to use a punctured version of rank 1-2 pattern for DwPTS.

· Use a punctured version of Rel-10 rank 1-2 DM-RS pattern for DwPTS in ECP.

4


Simulation results

In this section we present simulation results for the two candidate patterns presented in Figure 1. Simulated channels are Extended-TU (Figure 2), which exhibits moderate frequency selectivity, and also versions of Vehicular-B (VB) channel. In the latter case we have considered the regular VB channel profile and also a truncated version, without last two taps. Detailed simulation assumptions are presented in Appendix 1. There have been previous discussions and questioning on the relevant use of VB channel for ECP studies. Results in Figure 3 show improved performance when considering the truncated VB channel. In Figure 4 we present performance with fine tuned channel estimation filter, meaning that the channel coherence bandwidth is known. Based on these results we conclude that the specific pattern should be decided by considering the optimization point which RAN1 desires to set for ECP operation. 
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 Figure 2: ECP performance of staggered and non-staggered patterns, ETU channel, 3 km/h.
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Figure 3: ECP performance of staggered and non-staggered patterns, VB/truncated VB channel, 3 km/h.
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Figure 4: ECP performance of staggered and non-staggered patterns, finetuned channel estimation filter, truncated VB channel, 3km/h.

5
Conclusions

In this contribution we have discussed remaining design aspects of DM-RS for extended CP. Our proposals are the following:
· Select the DM-RS pattern based on the optimization point RAN1 desires to achieve for ECP operation.
· Limit the extended CP design to rank 1-2 operation.

· Use a punctured version of rank 1-2 pattern for DwPTS in extended CP.
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Appendix 1 – Simulation assumptions

Table 1 Simulation assumptions
	Parameter description
	Value / Comment

	Transmission bandwidth, carrier freq.
	5 MHz, 2 GHz

	Channel model, UE velocity, spatial correlation
	Extended TU -3 km/h, Vehicular-B, truncated Vehicular-B (last 2 taps removed)

	Antenna configuration
	8 Tx / 2 Rx antennas

	Detector
	MMSE receiver

	PDCCH / PDSCH configuration
	2/10 OFDM symbols per sub-frame for extended CP. 

	Channel coding (PDSCH)
	Rel’8 turbo coding, CBRM

	Modulation, code rates
	QPSK {1/2}, 16QAM{1/2}, 64 QAM {1/2}, 64 QAM {5/6}

	HARQ
	Not used

	Number of allocated PRBs
	6 PRBs scheduled

	Precoding
	SVD, ideal UL sounding

	Precoding granularity
	per PRB

	Transmission rank
	Rank-2 (no rank adaptation)

	Number of codewords
	2 codewords

	Common reference signal configuration
	2 ports Rel’8 CRS in every sub-frame

	UE-specific RS multiplexing
	Various patterns as described for each simulation setup

	CSI delay 
	5 ms

	Channel estimation for CQI computation
	Ideal

	Channel estimation for demodulation
	Per PRB 2D realistic channel estimation on UE-specific RS


