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1 Introduction

In RAN1#89, the following working assumptions are reached [1], but one FFS on power offset information has not been discussed in previous meetings.

RAN1#89 Working assumption, confirmation depending on RAN4 feedback:

· For NSSS-aided measurement accuracy enhancement at least in idle mode, the NSSS-NRS EPRE ratios of serving cell and neighbor cells are signaled to UE by higher layers.

· FFS on details of sets of power offset (e.g., {-3, …, 0, …, 3} in dB}

· FFS on power offset information per-neighbor cell or common for all neighbor cells or common for serving cell and neighbor cells. 

· The possibility to use NSSS is indicated by higher layers.

· Detailed signaling design would be left to RAN2.

In RAN1#92 and RAN1#92bis, the following agreements and working assumptions are reached on narrowband measurement accuracy improvements [2, 3]:
RAN1#92 Agreements:
· The combination of NRS with NSSS for RRM measurement accuracy improvement is not considered further in RAN1.

· NPDCCH, NPDSCH are not considered as candidates in addition to NSSS, nor in combination with NSSS, to improve the measurement accuracy for serving cell and neighboring cells.

· FFS changes to the NRSSI definitions based on RAN1/4 agreements. 

RAN1#92 Working assumption:

· It is feasible from RAN1 point of view to use NPBCH in addition to NRS for RRM measurement, to be confirmed by RAN4

· In setting new RAN4 requirements (if any), RAN4 does not assume UE regenerates NPBCH and this is up to UE implementation
· Ask RAN4 feedback on the combination of NPBCH with NRS
RAN1#92bis Agreement:
· The eNB signals the number of consecutive NSSS occasions, with possible values of 2, 4, [8], that use different precoders for NSSS transmission, and the UE may take such information into account when using NSSS for measurement. If eNB does not signal this, the UE makes no assumptions of the antenna port(s), i.e., “the UE shall not assume that the transmissions of the narrowband secondary synchronization signal in a given subframe use the same antenna port, or ports, as the narrowband secondary synchronization signal in any other subframe”. The signalling does not mandate how, when, and over how many subframes the UE should measure the NSSS, and the measurement accuracy should not assume the UE measures consecutive NSSS occasions. LS RAN4 about the agreements.
In this contribution, we make the proposals necessary to conclude this objective.
2 Feasibility of CRS and NPBCH
2.1 CRS based measurement
According to the agreements in [1], NPDCCH and NPDSCH are not considered as candidates to improve the measurement accuracy for serving cell and neighboring cells. Here we continue to discuss the feasibility of CRS for in-band operation mode and NPBCH for serving cell and neighbor cells.
For CRS in-band, we evaluate the measurement accuracy based on CRS+NRS at 164 dB MCL with UE noise figures 5 dB and 9 dB. The transmit power of NRS is boosted 6 dB over CRS, and other simulation assumptions can be found in [4]. The measurement accuracy is derived from the maximum value obtained at the 5th and 95th percentiles of CDF in the simulation. The measurement accuracy based on CRS+NRS taking RF margin into consideration is shown in Table 1 compared to that based on NRS only.

Table 1 Comparison of NRSRP measurement accuracy between CRS+NRS based and NRS only based at 
164 dB MCL for in-band operation mode
	Measurement accuracy
	Noise figure = 5dB
	Noise figure = 9dB

	NRS only
	4.4 dB
	6.8 dB

	NRS + CRS
	5.0 dB
	7.2 dB


From the results, we can see that the measurement accuracy based on CRS+NRS is worse than that based on NRS only for both NF values due to the lower CRS transmit power.

Observation 1: NRSRP measurement accuracy based on CRS+NRS can be worse than that based on only NRS in low MCL due to low CRS received power.
Proposal 1: CRS for in-band operation mode is not suitable for measurement enhancement.
2.2 NPBCH based measurement
For NPBCH of neighbor cells, it is not practical for UE to decode NPBCH of every neighbor cell. This introduces too much additional complexity and power consumption, and is unacceptable for such low power consumption UE. For serving cell, actually, an NB-IoT UE is not required to be able to regenerate NPBCH and then use them for RRM measurement coherently. The reason is the information bits in NPBCH are encoded with tail biting convolutional encoder (TBCC), while turbo code encoder is used for the uplink shared channel. It means TBCC encoder does not exist in NB-IoT UE. Therefore, although for serving cell UE can have full decoded bits of NPBCH UE may not be able to regenerate NPBCH and use it for RRM measurement. Although UE may do measurement without serving cell NPBCH regeneration by using non-coherent method (differential operation cross NPBCH radio frames), it obviously has poor performance than normal coherent measurement in theory. Since NSSS has already been agreed for RRM measurement which allows measurement in coherent way without any additional cost, we don’t expect NPBCH based measurement with non-coherent way could have better performance for the serving cell than NSSS. Another problem is the reference signal of serving cell is different to neighbor cell should not be proper for RRM measurement, it results unfair among these measured cells.
Observation 2: Feasibility of NPBCH based measurement is questionable for NB-IoT as followings,

· UE is not required to read neighbour cell’s NPBCH.
· Measurement reference signal of serving cell is different to neighbour cell should not be proper because it loses fairness among cells.
· UE does not have TBCC encoder to re-generate NPBCH as local reference signal for the purpose of measurement in coherent way, it will add extra cost for legacy UE.

· If UE performs NPBCH measurement in non-coherent way by using same NPBCH signal cross radio frames, the performance is definitely poor than coherent measurement in theory. On the other hand, the agreed NSSS based measurement already allows UE to perform measurement coherently.
Proposal 2: NPBCH is not suitable for measurement enhancement for both serving cell and neighbor cells.

3 Discussion on NSSS-NRS power offset
The following FFS on NSSS power offset made in RAN1#89 was left and has not been discussed in the previous meetings [1]. 
· FFS on power offset information per-neighbor cell or common for all neighbor cells or common for serving cell and neighbor cells. 
Table 2 NSSS power offset scheme for serving cell and neighbor cells
	
	Power offset description

	Scheme 1
	Per-neighbor cell

	Scheme 2
	Common for all neighbor cells

	Scheme 3
	Common for serving cell and neighbor cells


There are 3 schemes about NSSS-NRS power offset listed in Table 2 above. NSSS is originally designed for synchronization, thus its power offset strongly correlates with the synchronization performance. Signaling the power offset as common for all cells, or common also for the serving cell may mean a little lower signaling overhead compared with signaling per neighbor cell. However, from the perspective of synchronization, per-neighbor gives the most flexibility for every cell to configure the NSSS transmit power and ensure good enough synchronization performance for itself. Common for all neighbors, or common also with the serving cell will limit the NSSS power configuration and affect the synchronization performance to some degree. It is evidently undesirable that improving UE measurements has detrimental effects on general synchronization performance in the network. Thus the signaling of NSSS power offset should be  per-neighbor cell. 
Proposal 3: The NSSS-NRS EPRE ratio is signaled per neighbor cell.
4 Definition of NRSRP, NRSSI and NRSRQ
RAN4 has sent an LS [5] to RAN1 that they identified the measurement definitions in TS 36.214 would need to be updated to define NSSS-based NRSRP measurement. We suggest clarifying the RAN4 text proposal as follows, with the RAN4 wording in red, and additional changes in green. We assume that which version of NRSRP is used depends on higher layer configuration. 

	Definition
	Narrowband Reference signal received power (NRSRP), is defined as either the linear average over the power contributions (in [W]) of the resource elements that carry either narrowband specific reference signals (NRS) or the linear average over the power contributions (in [W]) of the resource elements that carry the narrow band secondary synchronization signal (NSSS) within the considered measurement frequency bandwidth. 

For NRS based NRSRP determination the narrowband reference signals for the first antenna port (R0 or R1000) according to TS 36.211 [3] shall be used. If the UE can reliably detect that a second antenna port (R1 or R1001) is available it may use the second antenna port in addition to the first antenna port to determine NRSRP. 

For narrow band secondary synchronization signal based NRSRP determination the narrowband secondary synchronization signals according to TS 36.211 [3] shall be used. 

The reference point for the NRSRP shall be the antenna connector of the UE.

	Applicable for
	RRC_IDLE intra-frequency,

RRC_IDLE inter-frequency,
RRC_CONNECTED intra-frequency,


NRSRQ is the ratio NRSRP/NRSSI. In order to get the value of NRSRQ, the UE needs to measure the value of both NRSRP and NRSSI. There could bet two different measurement schemes for NRSSI: either in valid subframes, or in NSSS subframes.

The number of valid subframes is different to that of NSSS, which is transmitted in subframe 9 of every other frame. Defining on valid subframes means that, in order to calculate the NRSRQ, in addition to measuring the NSSS subframes for NRSRP, the UE also needs to measure NRSSI on the valid subframes. This behavior seems strange, and the more serious problem is that it will consume too much power to complete the whole measurement procedure for several times longer measurement duration than NSSS measurement. This is not desired since low power consumption is an important feature for NB-IoT UE. For  NRSSI measured based on the subframes of NSSS, this implies the same subframes as NRSRP measurement. NSSS subframes are originally used for synchronization, and are always fully loaded. NRSSI measured based on NSSS may not fully reflect the real interference level, as well as NRSRQ. However, compared to defining over valid subframes, the measurement time is much shorter and saves a lot of UE power, since there is no need to measure other subframes beyond NSSS. Thus defining NRSSI and NRSRQ in NSSS subframes is preferred.

Proposal 4: When NSSS is used for NRSRP measurement, NRSSI and NRSRQ are defined on NSSS subframes.
5 Conclusions
In this contribution, we discuss the feasibility of CRS for in-band operation mode, and the NSSS-NRS EPRE ratios of serving cell and neighbor cells. Below are the proposals and observations:
Observation 1: NRSRP measurement accuracy based on CRS+NRS can be worse than that based on only NRS in low MCL due to low CRS received power.
Proposal 1: CRS for in-band operation mode is not suitable for measurement enhancement.
Observation 2: Feasibility of NPBCH based measurement is questionable for NB-IoT as followings,

· UE is not required to read neighbour cell’s NPBCH.
· Measurement reference signal of serving cell is different to neighbour cell should not be proper because it loses fairness among cells.
· UE does not have TBCC encoder to re-generate NPBCH as local reference signal for the purpose of measurement in coherent way, it will add extra cost for legacy UE.

· If UE performs NPBCH measurement in non-coherent way by using same NPBCH signal cross radio frames, the performance is definitely poor than coherent measurement in theory. On the other hand, the agreed NSSS based measurement already allows UE to perform measurement coherently.
Proposal 2: NPBCH is not suitable for measurement enhancement for both serving cell and neighbor cells.

Proposal 3: The NSSS-NRS EPRE ratio is signaled per neighbor cell.

Proposal 4: When NSSS is used for NRSRP measurement, NRSSI and NRSRQ are defined on NSSS subframes.
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