3GPP TSG RAN WG1 NB-IoT Ad-Hoc Meeting


 R1-160116
Budapest, Hungary, 18th - 20th January 2016
Agenda Item:
2.1.1.5
Source: 
LG Electronics

Title: 
RS design for NB-IoT downlink control and data transmissions
Document for:
Discussion & decision
1. Introduction

In RAN#69 meeting, narrow band Internet of Things (NB-IoT) has been approved as a new work item [1]. In this contribution, we discuss RS design for downlink transmissions. Particularly, we discuss RS pattern for data channel in each scenario. 
2. Discussions
As discussed in our companion contributions [2], depending on the coverage level, patterned precoding shows better performance compared to SFBC in inband scenarios. However, SFBC shows better performance with relatively high SINR. In that sense, we propose to adopt SFBC for NB-PDSCH transmission [2]. Based on some simulations shown in below, we observe that the density of RS affects the overall performance. For example, based on legacy DM-RS pattern, 12 REs are used for patterned precoding whereas 8 REs are used for SFBC per antenna port. In legacy LTE, when two ports CRS are transmitted, CRS can be 3dB boosted compared to data as the power not used in REs used for the other anntena port’s CRS can be used in CRS REs of one antenna port. However, when 6dB boosting is applied in NB-IoT, whether additional 3dB boosting on RS RE is feasible or not needs some feedback from RAN4. Assuming maximum 6dB boosting is the limit in every RE in NB-IoT carrier, additional 3dB boosting on RS compared to NB-PDSCH REs should not be assumed. 
When additional power boosting on RS transmitted in NB-IoT carrier is not achievable, increasing RS density can be considered. However, it’s noted that increasing RS density would reduce the effective REs usable for data transmission without benefits from transmission perspective. Thus, we propose to consider CDM-ed RS between two ports for NB-RS transmission. 
Based on the above obsevations and assumptions, we evaluate a few cases of RS cases used for NB-PDSCH data demodulation assuing SFBC scheme as follows in inband scenarios. Detailed evaluation assumptions are shown in Table in Annex. 
(1) Legacy CRS only: No additional NB-RS is adopted. A UE uses legacy CRS for data demodulation. Legacy CRS RE has -3dB power compared to NB-PDSCH REs.
(2) New NB-RS pattern (shifted CRS) only (8 RE per antenna port in one PRB): Legacy CRS would not be for data demodulation. Data is rate matched around legacy CRS. Only a new RS pattern (shifted CRS pattern i.e., OFDM symbol 0 CRS REs ( OFDM symbol 5 new RS REs, OFDM symbol 4 CRS REs ( OFDM symbol 6 new REs) is used for data demodulation. NB-RS has the same power to NB-PDSCH REs.
(3) New NB-RS pattern (CDM-ed CRS) only: Similar to (2), only new RS is used for data demodulation without utilizing legacy CRS. For the new RS pattern, we used RS pattern shown in Figure 1. NB-RS has the same power to NB-PDSCH REs.
(4) Legacy CRS + NB-RS (shifted CRS pattern): Legacy CRS and new RS (shifted CRS pattern) are used for data demodulation. Legacy CRS has -3dB power compared to new RS and NB-PDSCH REs.
(5) Legacy CRS + NB-RS (CDM NB-RS): Legacy CRS and new RS (CDM-ed CRS pattern) are used for data demodulation. Legacy CRS has -3dB power compared to new RS and NB-PDSCH REs.
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Figure 1. CDM-ed CRS pattern
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Figure 2. BLER performance with various number of repetitions in inband scenarios
As shown in Figure 2, in inband scenarios, if QPSK is used, overall utilizing both legacy CRS and CDM-ed NB-RS shows the best performance because of channel estimation performance with increased RS density and power boosting. For a common RS pattern, it is desirable to consider utilizing both legacy CRS and additional RS based on CDM-ed CRS pattern or additional RS pattern only. 

In stand-alone scenarios, we have evaluated three RS patterns as the followings. 

(1) Legacy CRS: the same pattern in legacy CRS is used for NB-RS (8 REs per antenna port in each PRB).

(2) CDM-ed CRS: the same pattern proposed for NB-RS in inband scenario (CDM-ed CRS pattern) is used (16 REs per antenna port in each PRB). 

(3) Legacy CRS + CDM-ed CRS: the same pattern in legacy CRS and the same NB-RS pattern used in inband (CDM-ed CRS pattern) is used for NB-RS (24 REs per antenna port in each PRB). 
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Figure 3. BLER performance in various number of repetitions in stand-alone

Figure 3 shows simulation results. We can observe that CDM-ed RS only shows better performance at least in high SINR whereas legacy CRS + CDM-ed RS pattern shows slightly better performance in low SINR cases. 
With different coverage cases and different operation modes, in terms of RS pattern, we could consider the following options. 
· Alt1: The same RS pattern regardless of operation mode and coverage cases. In this case, depending which care is optimized, RS pattern can be selected. Overall, if we assume that code rate is relatively small, data demodulation based on legacy CRS pattern with additional RS based on CDM-ed NB-RS can be a common pattern. Alternatively, with small performance gap, CDM-ed NB-RS only pattern may be used as a common RS pattern. 
· Alt 2: For each operation mode, RS pattern is defined. For example, for inband, legacy CRS + CDM-ed NB-RS is used. For stand-alone, CDM-ed CRS only pattern can be used. 
Proposal 1: Adopt a common CDM-ed CRS pattern based NB-RS design in all scenarios. For data/control demodulation in inband, utilizing legacy CRS is considered. 

3.  Conclusion
This contribution discusses options for RS design for NB-IoT. Based on some simulation results and observations, it is proposed that a common NB-RS pattern based on CDM-ed CRS pattern is used in all scenarios. Furthermore, to enhance the performance, utilizing legacy CRS in inband scenarios is proposed. 
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Annex : Simulation Parameters and Assumptions
	Parameter
	value

	System bandwidth
	10MHz

	Carrier frequency
	900kHz

	Antenna configuration
	2Tx, 1Rx, low correlation for Inband scenario,
1Tx, 1Rx for Stand-alone scenario

	Channel model, Doppler spread
	TU 1Hz

	TB size
	800bits

	TTI extension
	12 subframes

	Modulation
	QPSK

	CRS handling
	2 ports rate matching

	Frequency tracking error
	Uniformly selected within [-50 Hz, 50 Hz]

	Frequency drift rate
	22.5 Hz/second

	Legacy PDCCH
	3 OFDM symbols


