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1 Introduction
NB-RS has been discussed and most of its design details are confirmed. However, after further reviewing its design, at least two aspects shall be discussed in more details. One is in which subframes NB-RS is present. The other is the relationship between NB-RS and LTE CRS for in-band mode. Therefore, this contribution analyzes these two issues.
2 Remaining issues of NB-RS
2.1 Presence of NB-RS

In this section, the presence of NB-RS is analyzed.

To improve channel estimation, timing/frequency tracking, and measurements performance, it is preferred that NB-RS is present in all DL valid subframes. Pattern of valid subframes is typically configured in SIB1. Three scenarios are analyzed as below
1. In CONNECTED mode, valid subframe pattern is known, all valid subframes can be used to improve performance.

2. In IDLE mode after SIB1 acquisition, valid subframe pattern is also known. Additionally, better measurement helps the preamble selection for RACH procedure.

3. In IDLE mode when UE performs cell selection, UE may not have valid subframe information of each cell, and the RSRP may have less accuracy.

According to the above third scenario, there is scenario that UE has not acquired valid subframe information yet. However, RSRP measurements shall be guaranteed anyway. Therefore it is preferred that NB-RS is present at least in certain subframes regularly. Based on previous agreements, we have the below Table 1

Table 1. Subframe usage

	Subframe index
	Usage

	0
	NB-PBCH, every frame

	4
	NB-SIB1, not every frame

	5
	NB-PSS, every frame

	9
	NB-SSS, maybe not every frame


Whether to insert NB-RS is a trade-off between cell search performance and NB-RS density. Considering to maintain cell search performance, we have Proposal 1:
Proposal 1 : For anchor PRB,
· NB-RS is always present at least in subframe #0 and #4

· NB-RS is not present in NB-PSS nor NB-SSS subframe
Due to the above first and second scenario, we have Proposal 2:
Proposal 2 : 
· For anchor PRB, in addition to the rules defined in Proposal 1, NB-RS is always present in DL valid subframe
· For non-anchor PRB, NB-RS is always present in DL valid subframe
One may wonder, the always-presence of NB-RS may reduce the flexibility that NW schedules LTE UE to use PRBs, which are configured as NB-IoT PRBs. However, there are at least two mechanisms can ease the less-flexibility. 

Mechanim 1 : NW still can schedule PDSCH of LTE UE on NB-IoT PRB even there exists NB-RS. When coding rate of PDSCH is small, only little performance degradation is expected. NW may schedule PDSCH with smaller code rate in the NB-IoT PRB, or reduce code rate of PDSCH. 

Mechanim 2 : NW signals few NB-IoT information to LTE UE. By doing so, LTE UE is aware of the presence of NB-RS, and therefore rate matching to skip NB-RS is feasible. It is noted that signaling few NB-IoT information to LTE UE may be necessary at least for RBG consideration, as addressed in R1-160386 [1].
2.2 Port number relationship between NB-RS and LTE CRS for in-band mode
Antenna port number affects rate matching and RE mapping of NB-PBCH/NB-PDCCH/NB-PDSCH. After reviewing rate matching and RE mapping, there is no issue for NB-PBCH nor NB-PDSCH. However, there seems exist one issue for NB-PDCCH. Based on agreements
Agreements:
· Within CCE resource(s) for NB-PDCCH transmission, a SFBC pair is transmitted consecutively available two REs which is within a OFDM symbol
· REs within SFBC pair can be separated at most one tone

· LTE CRS (if present) is rate matched

· NB-RS is rate matched

Agreement: 

· Mapping of 2 CCEs: Upper 6 subcarriers are allocated to one CCE and lower 6 subcarriers are allocated to the other CCE within a PRB pair. 

In case of “number of LTE CRS port = 1” and “number of NB-RS port = 2”, there exists orphan RE for AL=1, as shown in below Fig. 1.
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Figure 1. SFBC pairs for “number of LTE CRS port = 1 and number of NB-RS port = 2”
Observation 1 : There exists orphan RE for AL=1, in case of “number of LTE CRS port = 1” and “number of NB-RS port = 2”.
It was agreed that the number of CRS ports is to be signaled in MIB. It was discussed [2][3] that if we force “number of NB-RS port = number of LTE CRS port in case number of LTE CRS port is 1 or 2”, there is only one bit necessary in NB-MIB to indicate the number of CRS ports, as shown in below Table 2. Therefore, there is potential bit saving in NB-MIB.

Table 2. Subframe usage

	Indication of 
“number of LTE CRS port”
	Description

	0
	Number of LTE CRS port = 
4

	1
	Number of LTE CRS port = 
number of NB-RS port


Observation 2 : There is potential bit saving in NB-MIB if we force “number of NB-RS port = number of LTE CRS port in case number of LTE CRS port is 1 or 2”
According to Observation 1 and Observation 2, we have the below proposal
Proposal 3 : For In-band deployment, if the number of LTE CRS port is not 4 (i.e., 1 or 2), the UE may assume that the number of LTE CRS port and the number of NB-RS port is the same.
3 Conclusion
Two issues of NB-RS are analyzed, and we have the below proposals:
Proposal 1 : For anchor PRB,
· NB-RS is always present at least in subframe #0 and #4

· NB-RS is not present in NB-PSS nor NB-SSS subframe

Proposal 2 : 
· For anchor PRB, in addition to the rules defined in Proposal 1, NB-RS is always present in DL valid subframe

· For non-anchor PRB, NB-RS is always present in DL valid subframe
Proposal 3 : For In-band deployment, if the number of LTE CRS port is not 4 (i.e., 1 or 2), the UE may assume that the number of LTE CRS port and the number of NB-RS port is the same.
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