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1. Introduction

Latest agreements from RAN1#59bis cover the design of up to eight layer DM-RS for normal CP (NCP), for both normal and DwPTS type of subframes. The agreed patterns are presented in Table 1. Throughout LTE Rel-9 RAN1 discussions, significant effort has been made also in the direction of providing DM-RS support for extended CP (ECP) without reaching an agreement. In this paper we further present our view on the DM-RS design for ECP to be considered for LTE Rel-10.

Table 1: 3GPP UE-specific RS in Normal sub-frame and DwPTS with normal CP, operating for up to 8 layers with OCC 2 for <=4 and OCC 4 for > 4 layers.
	
	Normal sub-frame length
	DwPTS length: 11, 12
	DwPTS length: 9, 10

	Normal CP

Up to (including) 4 layers OCC 2
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	Normal CP

beyond 4 layers OCC 4
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2. UE-specific RS design for extended CP in normal subframe and DwPTS
As normal CP pattern design has been subject to very careful studies in 3GPP, it seems natural to continue the extended CP design by encapsulating main design criteria used for NCP. Extended CP is mainly utilized in face of frequency selective channels. From this perspective, running the CDM code in time direction is a robust solution as it is a well known fact that CDM is sensitive to the direction where its code spans, and it is thus not desirable to expose it to frequency selectivity. While it is questionable if one wants to operate ECP for beyond four layers, if so desired, OCC4 codes in time direction should be utilized as it is the case for NCP patterns.
· Proposal: Reuse NCP design, like OCC 4 if beyond four layers is targeted for ECP.
Several UE-specific RS design options for extended CP emerged during the previous meeting [2], selected options being captured in Figure 1. Extensive simulation performance has been presented, for example in [1], [2]. In the following we are discussing several key aspects related to performance and design. 
The possible DwPTS sizes where the PDSCH transmission is supported, for extended CP, are 8, 9, 10 symbols, while the normal subframe consists of 12 symbols. PDCCH occupies the first two OFDM symbols in DwPTS. We do acknowledge the fact that DwPTS and ECP operation imply a scarce number of available resource elements for UE-specific RS placement while frequency span of the code would better fit the remaining placement options. However, performance losses do not recommend such frequency placement, as already shown in [1]. 
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Figure 1: CDM UE-specific RS. Considered patterns for ECP with normal subframe.

Pattern ECP-12-P1 stems from the agreed pattern for normal CP. ECP-12-P3 is a staggered version of ECP-12-P1. Patterns ECP-12-P5 and ECP-12-P6 emerged from the previous meeting discussions. Both proposals are considering staggered placement which is expected to perform better in highly frequency selective channels. Increased density is assumed in ECP-12-P5, which would call for revisiting previous agreement on DM-RS overhead of 12 REs for dual-layer operation. Pattern ECP-12-P6 has essentially the same characteristics as ECP-12-P3.
When considering the beyond four layer operation and the utilization of OCC 4, one may note that frequency staggered patterns are exposing the OCC to the frequency selectivity of the channel. As previously mentioned, having such code allocation in face of frequency selective channels is expected to lead to very poor performance.

DwPTS and ECP operation imply a scarce number of available resource elements for UE-specific RS placement. A few possible placements are considered in the following, considering DwPTS length of 8 symbols, see Figure 2. Pattern ECP-8-P1 stems from the agreed pattern for normal CP with puncturing applied. ECP-8-P6 is using a higher number of REs in power equivalent per stream UE-specific RS, compared to ECP-8-P1 and ECP-8-P8. Another possible choice is ECP-8-P8 which is a punctured version of ECP-8-P5. Several other choices have been presented in [1].
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Figure 2: CDM UE-specific RS. Considered patterns for ECP and DwPTS.

Extended CP could be applied in large cells where radio channels exhibit higher frequency selectivity. In order to assess the performance of patterns presented in Figure 1 and Figure 2, one can choose channels exhibiting already some good degree of frequency selectivity (e.g. Extended Typical Urban channel profile) or rather challenging power delay profile as the one of Vehicular B channel, even that one may argue that such channel are not well suited for such investigation [4]. Extended CP could also be applied in large cell with similar frequency selectivity as normal CP e.g. ETU channel. Depending on the desired scenario for optimization, the appropriate pattern should be selected. It is worth noticing that the LTE Release 8 CRS in extended CP utilizes the same pattern as the one for normal CP i.e. with the same frequency density. CRS are not optimized by any means to Vehicular B type of channels as shown in the following section.
3. Control channel performance

From a system perspective, one critical aspect, often neglected, is that fact that PDCCH transmission needs to succeed also in frequency selective environments, and balanced system design is desirable wrt. PDCCH/PDSCH demodulation performance. . When dealing with the control channels, one has to rely on Rel-8 CRS for demodulation. In the following, we have been considering the PDCCH transmission with CCE aggregation 1 & 8, in both Vehicular B and ETU channels. SFBC transmission shows that in ETU channels, both payload sizes achieve good performance while severe degradation is visible when operating in Vehicular B environment. As the CRS pattern has not been optimized for ECP operation, this draws the observation that one could reuse the NCP pattern for demodulation over DM-RS, being exposed to the same performance degradation as PDCCH, for the sake of a balanced system design A performance comparison of DL MIMO  over CRS vs. UE specific RS has been conducted in [3] where it has been shown that there are marginal gains of optimized UE-specific RS compared to CRS in Vehicular B type of channel.
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Figure 3: PDCCH performance, 1x2 MRC, CCE aggregation level 1, extended CP, VB and ETU channels.
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Figure 4: PDCCH performance, 2x2 SFBC, CCE aggregation level 1, 2x2 SFBC, extended CP, VB and ETU channels.
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Figure 5: PDCCH performance, 1x2 MRC, CCE aggregation level 8, extended CP, VB and ETU channels.
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Figure 6: PDCCH performance, 2x2 SFBC, CCE aggregation level 8, 2x2 SFBC, extended CP, VB and ETU channels.
4. Discussion
For extended CP, the selection of the pattern should carefully consider different aspects including implementation complexity, optimization criteria and overall system operation etc. ECP pattern should build on the proven track of NCP design, incorporating for example OCC 4 usage for beyond four stream transmission. Considering also the fact that the overall system performance is highly associated with the control channels and other channels which require CRS for demodulation and that CRS have same frequency density for normal and extended CP, we prefer the patterns ECP-12-P1 and ECP-8-P1 for normal subframe and DwPTS, respectively, for the reason of simplicity.
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Appendix 1 – Simulation assumptions
Table 2: Simulation assumptions

	Parameter description
	Value / Comment

	Transmission bandwidth, carrier freq.
	5 MHz, 2 GHz

	Channel model, UE velocity, spatial correlation
	Extended TU, Vehicular B -3 km/h.

	Antenna configuration
	{1, 2} Tx / 2 Rx antennas

	Detector
	MRC receiver

	PDCCH / PDSCH configuration
	2/10 OFDM symbols, extended CP

	Channel coding (PDCCH)
	Rel’8 convolutional code

	Modulation, payload data
	QPSK {24+16CRC = 40 bits, 38+16CRC = 54 bits}

	CCE aggregation
	{Aggr. 1, Aggr. 8}

	HARQ
	Not used

	Precoding
	{No precoding, SFBC Transmit diversity coding}

	Common reference signal configuration
	{1, 2} ports Rel’8 CRS

	Channel estimation for demodulation
	2D realistic channel estimation on CRS

















