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1
Introduction
In the NB-IoT adhoc, it was agreed that –

· A NB-RS is used at least for NB-PBCH and that is common among all operation modes

· At least NB-RS is always present and always used for single antenna port and 2 antenna ports transmission schemes

· FFS: Additional utilization of LTE CRS in in-band operation mode

· For NB-PDCCH/NB-PDSCH,

· In-band operation

· NB-RS is present without condition

· Stand-alone and guard-band operations

· Only NB-RS is used

In addition, SFBC has been agreed as the transmission scheme for all downlink channels with two antenna ports. SFBC requires two consecutively available REs within an OFDM symbol. In this contribution, we present the design for NB-RS.
2

Downlink Reference Signal Design
It was agreed in the NB-IoT adhoc that NB-RS is used for all channels and that it is common among all operation modes. Two design principles can be considered for NB-RS –

· Based on legacy CRS design (i.e. shifted CRS) where the resource elements used for transmission of cell-specific reference signals on any of the antenna ports is not be used for any transmission on any other antenna port. In this case, for two antenna ports, the power per antenna of the reference signal is higher by 3dB compared to the power of the data.
· The CRS is code-division multiplexed (CDM) across resource elements. In this case, the same resource elements are used for transmission of cell-specific reference signals on all antenna ports. This design has the advantage of being able to increase the CRS density without increasing CRS overhead. However, the power per antenna of the reference signal is reduced by 3dB in order to maintain the same transmission power.
One argument to support the CDM design is the possible impact from power boosting for the in-band reference signals beyond 6dB. However, as noted in [1], power boosting up to 12dB is feasible as power boosting with subcarrier spacing of 15kHz has no impact on EVM, and the out-of-band emission that is within the acceptable margin of the spectrum mask. Furthermore, although the CRS power is higher per antenna, the total CRS power remains the same as the data power. Therefore, there is no issue with CRS transmission power when legacy CRS design is used.
There are, however, some issues with CDM-based design. First, when one antenna port is used, CDM-based design introduces additional CRS overhead in order to keep the same CRS design between one and two antenna ports. This additional CRS overhead is beneficial for UEs in poor SINRs but degrade performance for UEs in good SINRs. From [2], it is seen that approximately 90% of the UEs are in good radio conditions (i.e. MCL < 144 dB, corresponding to SINR greater than 15.4dB in stand-alone deployment with 43dBm of eNB transmission power). Thus, a clear majority of the UEs will suffer some performance degradation with CDM-based CRS. This is illustrated in Figure 1. Secondly, CDM-based CRS introduces additional complexity at the UE and potential performance degradation due to power and timing imbalances in the transmit antennas. Therefore, it is proposed that NB-RS design is based on legacy CRS design (i.e. shifted CRS) without additional code-division multiplexing and REs used for transmission of NB-RS on any of the antenna ports is not be used for any transmission on any other antenna port.
Proposal 1: NB-RS design is based on legacy CRS design. REs used for transmission of NB-RS on any of the antenna ports is not be used for any transmission on any other antenna port.
[image: image1.emf]6 7 8 9 10 11 12 13 14

10

-2

10

-1

10

0

SNR (dB)

BLER

NB-PDSCH (stand-alone): 1Tx-1Rx, TBS=136 bits, TU1

 

 

CDM-based CRS

CRS


Figure 1. Performance loss from CDM-based CRS.
Since NB-RS will be present always in in-band operation, it cannot be in resource elements reserved for legacy control region (i.e. the first 3 OFDM symbols) and CRS. In addition, OFDM symbol 4 in the slot must also be avoided in case LTE has 4 antenna ports. Therefore, it would be best to place NB-RS in OFDM symbols 5 and 6 of the slots to ensure same placement in both slots. A proposed NB-RS design is illustrated in Figure 2 for normal CP. Design for extended CP is shown in Figure 3. The frequency placement of the NB-RS can follow the same principle as for legacy CRS.
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Figure 2. NB-RS mapping (normal CP).
Sequence generation can also follow legacy CRS design. That is, the reference sequence can follow the same procedure as defined in Section 6.10.1.1 of 36.211 where a pseudo-random sequence is used and the sequence generator is initialized based on the PCID, slot number, and CP type (normal or extended). Mapping to resource element is similarly done based on Section 6.10.1.2 of 36.211 with the necessary modification to account for new OFDM symbol placements. 
Proposal 2: NB-RS sequence generation and RE mapping reuses LTE functionalities with the necessary modification to account for new OFDM symbol placements.
Note that for NB-PBCH, the NB-PBCH is rate-matched around 4 port LTE CRS location based on PCID from NB-SSS. Therefore, the PCID from NB-SSS and the LTE PCID must indicate the same LTE CRS position.
3
Conclusion
In this contribution, we consider downlink reference signal design and make the following proposals –

Proposal 1: NB-RS design is based on legacy CRS design. REs used for transmission of NB-RS on any of the antenna ports is not be used for any transmission on any other antenna port.
Proposal 2: NB-RS sequence generation and RE mapping reuses LTE functionalities with the necessary modification to account for new OFDM symbol placements.
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Figure 3. NB-RS mapping (extended CP).

