3GPP TSG RAN WG1 Meeting #84                                                                R1-160475
St Julian’s, Malta, 15th - 19th February 2016

Source:               ZTE

Title:                    Details on NB-RS for NB-IoT
Agenda item:      7.2.1.1.5
Document for:    Discussion and Decision

1 Introduction
In RAN1 NB-IoT Ad-Hoc meeting, the following agreements on NB-RS were made [1]:
· 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 this contribution, we discuss the remaining details on NB-RS design for NB-IoT.
2 Details on NB-RS design
2.1 NB-RS pattern
[image: image1.emf]
Figure 1 Examples of 2-port NB-RS pattern
Two examples of 2-port NB-RS pattern are shown in Figure 1. For single port, the pattern of NB-RS port 0 or port 1 may be used. NB-RS is located in the last two symbols of each slot in Figure 1(a) and more evenly distributed in Figure 1(b). Based on the assumption in Table 1 and above two NB-RS patterns, we evaluate the link level performance of NB-PBCH. The simulation results are shown in Figure 2. It is observed that performance difference of above two NB-RS patterns is quite small, i.e., NB-RS pattern has little impact on performance.
Table 1 Parameters of link simulation
	Parameter
	Value

	Scenario
	TU 1Hz

	Antenna configuration
	2Tx,1Rx

	Payload(including CRC)
	50 bits

	Transmission mode
	SFBC

	Transmission duration
	80 ms (one sub-block)

	Repetition
	8

	Channel estimation
	Realistic

	Channel implementation
	5000
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Figure 2 Performance comparison between two NB-RS patterns
If extended CP is supported for NB-IoT, common NB-RS should be applied for normal CP and extended CP in order to simplify the design. The pattern in Figure 1(a) is easier to be extended to the case of extended CP. In this case, regardless of CP length, NB-RS always resides in the last two OFDM symbols of each slot. Then, the number of available data REs would be 100 and 76 for normal CP and extended CP, respectively. Similar to LTE CRS, V-shift of NB-RS pattern is determined based on PCID.
Proposal 1: Common NB-RS pattern is applied for normal and extended CP.

· V-shift of NB-RS pattern is determined based on PCID.
2.2 NB-RS sequence
To avoid extra work in standardization, the sequence generation method of LTE CRS can be reused:
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Since current LTE CRS sequence is generated according to NRBmax,DL PRBs (i.e., maximum DL bandwidth configuration) and NB-IoT only includes 1 PRB, it is required to preconfigure which segment of LTE CRS sequence used for NB-RS. In the case of multi-PRB,  the same or different NB-RS sequences may be used for different PRBs. For the former, center part (m=NRBmax,DL-1, NRBmax,DL) or the front part (m=0,1) of LTE CRS sequence can be truncated and used for NB-RS. For the latter, NB-RS sequence in an anchor or additional PRB can be the same as LTE CRS sequence used for this PRB.
Proposal 2: To pre-configure one segment of LTE CRS sequence as NB-RS sequence.

2.3 Subframes with NB-RS transmission
For in-band operation, if NB-RS is always transmitted in all the available subframes regardless of NB-IoT downlink traffic, NB-IoT PRBs would not be used for LTE transmission due to existence of NB-RS. When more PRBs are configured for multi-carrier NB-IoT operation, the impact on LTE scheduling would be more serious.
From the perspective of reducing impact on LTE system and forward compatibility (e.g., to avoid the limitation to system evolution if NB-RS is transmitted in all the available subframes), it is preferable that NB-RS are transmitted only in available subframes with NB-IoT downlink transmission including common data for all NB-IoT UEs (i.e., NB-MIB and NB-SIBx carried by NB-PDSCH) and UE-specific data for one NB-IoT UE or one group of NB-IoT UEs (i.e., other data except for NB-MIB and NB-SIBx carried by NB-PDSCH).
Proposal 3: For an anchor PRB or additional PRBs, NB-RS is only transmitted in available subframes with actual NB-IoT downlink transmission.
2.4 Use of LTE CRS
For in-band operation, considering that LTE CRS is always present, in order to improve channel estimation performance, both LTE CRS and NB-RS can be used for data decoding for NB-IoT (especially in case of extreme coverage). Before utilizing LTE CRS for data decoding for NB-IoT, NB-IoT UEs need to acquire the information of LTE CRS, for example, number of LTE CRS ports and sequence information of LTE CRS, etc. Sequence information of LTE CRS can be implicitly determined by PRB location within the LTE system bandwidth. Specifically, the above LTE CRS information can be signalled by NB-MIB and/or NB-SIB1. In order to improve the NB-SIB1 performance, NB-SIB1 resource mapping can take into account the actual number of LTE CRS ports being used, so that both LTE CRS and NB-RS can be used for NB-SIB1 demodulation. Assuming that NB-SIB1 is always transmitted in anchor PRB, it is preferred to indicate the number of LTE CRS ports and anchor PRB location in NB-MIB. The locations of additional PRB(s) can be indicated by NB-SIB1. 
When 4-ports LTE CRS is configured for LTE system, since NB-RS supports at most 2 ports, in order to support decoding by both of LTE CRS and NB-RS, two alternatives can be considered:
· Alt 1: NB-IoT UEs Only receive port 0 and port 1 LTE CRS, where LTE CRS port 0 and NB-RS port 0 are the same antenna port while LTE CRS port 1 and NB-RS port 1 are the same antenna port.
· Alt 2: NB-IoT will receive 4-ports LTE CRS and 4-ports LTE CRS is mapped to 2 virtual ports by precoding matrix, where virtual port 0 and NB-RS port 0 are the same antenna port while virtual port 1 and NB-RS port 1 are the same antenna port.

For Alt 2, definition and indication of precoding matrix are needed for NB-IoT UEs. From the perspective of complexity and overhead, Alt 1 is preferred. 
When only QPSK is used in DL PHY channels of NB-IoT, there is no need to indicate any power offset between LTE CRS and NB-RS. In this case, the combination of NB-RS and LTE CRS is quite straightforward.
Proposal 4: LTE CRS should be used for in-band operation.
· The number of LTE CRS ports and anchor PRB location are indicated in NB-MIB.
2.5 RSRP/RSRQ measurement
NB-RS transmitted for common data (i.e., NB-MIB and NB-SIBx carried by NB-PDSCH) demodulation can be used for RSRP/RSRQ measurement. If it is assumed that NB-PBCH and NB-SIBx are always transmitted in anchor PRB, RSRP/RSRQ measurement can be only done in anchor PRB. For example, as shown in Figure 1, in a NB-PBCH block of 80-ms duration, subframe#0 and subframe#4 in each frame are used for NB-PBCH and NB-SIBx transmission respectively. Therefore, NB-RS in subframe#0 and subframe#4 in each frame can be utilized for RSRP/RSRQ measurement. For in-band operation, RSRP/RSRQ measurement can be enhanced by jointly utilizing LTE CRS.
[image: image5.emf]
Figure 1 Example of NB-PBCH and NB-SIBx transmission in a 80ms duration
Proposal 5: NB-RS for common data (i.e., NB-MIB and NB-SIBx carried by NB-PDSCH) demodulation can be utilized for RSRP/ RSRQ measurement.
· For in-band operation, RSRP/RSRQ measurement can be enhanced by jointly utilizing LTE CRS.

3 Conclusions
In this contribution, remaining issues of NB-RS were discussed. We make the following proposals:
Proposal 1: Common NB-RS pattern is applied for normal and extended CP.

· V-shift of NB-RS pattern is determined based on PCID.
Proposal 2: To pre-configure one segment of LTE CRS sequence as NB-RS sequence.

Proposal 3: For an anchor PRB or additional PRBs, NB-RS is only transmitted in available subframes with actual NB-IoT downlink transmission.
Proposal 4: LTE CRS should be used for in-band operation.

· The number of LTE CRS ports and anchor PRB location are indicated in NB-MIB.

Proposal 5: NB-RS for common data (i.e., NB-MIB and NB-SIBx carried by NB-PDSCH) demodulation can be utilized for RSRP/ RSRQ measurement.
· For in-band operation, RSRP/RSRQ measurement can be enhanced by jointly utilizing LTE CRS.
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