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1 Introduction
During NB-IoT field trial, lots of random access failures happened due to uplink and downlink interference, and imbalanced uplink and downlink interference level were also observed in many cases. The random access failures caused by uplink interference can be solved by leveraging our current tools, e.g. adjusting the RSRP threshold for CE level determination. However, the downlink interference level cannot be well reflected by current metric, and random access failures caused by downlink interference cannot be well solved.
In this contribution, some trial results are shared, and the issue that random access fails due to DL interference and lack of metric reflecting the DL interference level is revealed. Different metrics to reflect the DL interference level are compared and our proposal regarding this metric is also given.
2 Discussion on DL CE level determination
2.1 Current CE Level Determination Methodology
In current standard, UE estimates its CE level by comparing the downlink RSRP and the parameter rsrp-ThresholdsPrachInfoList set by higher-layer signalling, and chooses corresponding PRACH resource according to the CE level. After MSG1 is received, eNB is aware of the UE’s CE level and performs scheduling for UL and DL channels accordingly. 
During the field trial, it is found that there might be some problems using current CE level determination methodology to determine the uplink and downlink channel quality, due to the different uplink and downlink interference levels. 
a) Uplink channel quality: It is found that due to illegal GSM repeater, some cells have significantly higher interference level than the others (10~20 dB higher, as shown in Fig.1/Table 1). If the two RSRP thresholds for CE level determination are set to be the same for all cells (e.g. -112dBm and -122dBm, respectively), for users in cells with larger uplink interference, more random access failures and longer random access processes will be experienced. To solve this issue, the two RSRP thresholds can be set according to the uplink interference level in the cell. For example, for cell with uplink interference 10 dB higher than the average, the two RSRP thresholds can be set to be 10 dB higher than the typical setting (e.g. -102 dBm and -112 dBm). With such configurations, more UEs in such cells will consider themselves at CE1/2 and more repetition will be adopted to combat the increased uplink interference levels.
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Figure 1. Uplink noise in different cells in different cities
Table 1. Average uplink noise in different field trial cities
	City
	City A
	City B
	City C

	Average uplink noise(dB)
	26.41
	4.02
	7.71



b) Downlink channel quality: Current CE level determination methodology cannot well reflect the downlink channel quality. During the field trial, it is observed that with the same RSRP, UE can experience significantly different SINRs, especially in outdoor scenarios (as shown in Table 2). Therefore, the downlink channel quality, which is more reliably reflected by SINR, cannot be effectively estimated by current CE level determination method based on RSRP comparison. This can cause a severe issue for UE with relatively good CE level based on RSRP, but with high downlink interference. For such UE, eNodeB will set the NPDCCH repetition number according to the CE level, which might not enough to combat the high downlink interference.
Table 2. An example RSRP and SINR distributions during NB-IoT field trial
	CE level
	RSRP threshold(dB)
	UE Number/Percentage
	SINR threshold(dB)
	UE Number/Percentage

	CE0
	-112
	11059 (100%)
	12
	3495 (32%)

	CE1
	-122
	0 (0%)
	5
	3832 (35%)

	CE2
	N/A
	0 (0%)
	N/A
	3732 (34%)



Observation 1: Current CE level determination methodology, which relies on RSRP measurement, can be problematic estimating the downlink channel qualities due to no prior information on downlink interference. 
2.2 Enhancement of DL CE Level Determination Methodology
In order to obtain a more reliable estimation of downlink channel quality, an additional metric should be introduced for eNB to determine the DL CE level.In this section, two performance metrics of RSRQ and SINR for reflecting DL channel quality are analysed. Our analysis show that RSRQ cannot be effectively used to determine the downlink channel quality. To reflect the downlink radio channel quality, a metric related to SINR considering the characteristics of UE’ receiver should be adopted.
a) RSRQ cannot be effectively used to determine the downlink channel quality
To solve the downlink channel quality determination issue mentioned above, the RSRQ that have been applied in LTE can be considered. However, during the field trial, RSRQ does not shown clear correlation with SINR, which is a more reliable measurement of the downlink channel quality, as seen in Figs. 2 and 3. 
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Fig. 2: The relationship between RSRQ and SINR in NB-IoT network with low load
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Fig. 3: The relationship between RSRQ and SINR in NB-IoT network with 50% load
The reason behind this can be found in the definition of RSRQ and SINR. Borrowing the definition of RS-SINR in LTE [1], the NRS based average SINR can be represented as RSRP/(I+N)NRS_RE, while (I+N)NRS_RE represents the linear average interference-plus-thermal noise on REs containing RS. One the other hand, according to [1], RSRQ is defined as 
RSRQ=N×RSRP/(E-UTRA carrier RSSI)=RSRP/(E-UTRA carrier RSSI/N)
where RSSI is the total received power including interference from all sources, including serving and non-serving cells, adjacent channel interference and thermal noise. Unlike RSRP, RSSI is measured on all REs in the OFDM symbols containing RSs within the measurement bandwidth, not just the REs containing RSs themselves. Therefore,
1. The value of RSRQ and SINR could be quite different. With the same numerator, the denominator in the RSRQ definition is given by (E-UTRA carrier RSSI/N), and that of the SINR definition is (I+N)NRS_RE. These two denominators could be quite different from each other, especially when the network is loaded and some resources are occupied by other UEs in the serving or neighbouring cell (as shown at t1 in Fig. 4). These UEs do not cause SINR degradation but contribute to the decrease of the RSRQ
2. Even with the same SINR, RSRQ could vary in a large range. For example, at time duration t1, some resources are occupied by other UEs, and at another time duration t2, these resources are released since the transmission is finished. The SINR at t1 duration and t2 duration may be similar. However, the value of RSRQ is changed since the RSSI at t2 duration is lower than that of t1 duration.
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Fig. 4. An example of NB-IoT resource allocations
Therefore, according to the results of the field trial and theoretical analysis, RSRQ does not show clear correlation with SINR, and cannot be used to reflect the downlink channel quality.
Observation 2: RSRQ does not show clear correlation with SINR, and cannot be effectively used to determine the downlink channel quality.
b) SINR based DL CE level determination
DL average SINR based on NRS can serve as a reliable candidate to reflect the downlink channel quality. Nonetheless, directly reporting the NRS based SINR as the DL CE level to the eNB is not enough and not quite feasible considering the various decoding capabilities of NB-IoT UEs and the limitation of the possible reporting mechanisms: 
· UEs in NB-IoT network come from different vertical industries, where the cost and performance vary widely. That is to say, with the same SINR, UE’s receivers might have different performance and need different mechanism (e.g. transmission repetition number) to guarantee the downlink transmission. Thus it is preferred that the reported metric need to not only reflect the measured NRS-SINR but also the decoding capabilities of the UEs.
· Although the DL CE level can be reported by Msg 1, Msg 3, or even after Msg 3, it is recommended to report the DL CE level in Msg 3, which is with quite limited reserved bits budget. Specifically, even though using MSG 1 resource to indicate the DL CE level implicitly help eNB be aware of the selected DL CE level as soon as MSG1 is received, it will cause fragmentation of RACH resource and increasing the RACH collision rate, thus reporting DL CE level by Msg 1 is not preferred. If the DL CE level is reported after Msg 3, the initial access procedure can not benefits from the reporting of the DL CE level, which will still cause initial access failure issue.  If the DL CE level can be sent explicitly by using reserved bits of MSG3, no additional signalling is needed and no overhead is caused. The disadvantage of reporting by Msg3 is that eNodeB has no idea of the DL CE level while MSG 2 is transmitted, which may decrease the robustness of MSG2 delivery. But for the delivery of MSG2, more conservative MCS and larger repetition numbers can be used to guarantee the performance.
Observation 3: Directly reporting the NRS based SINR as the DL CE level to the eNB is not enough and not quite feasible considering the various decoding capabilities of NB-IoT UEs and the limitation of the possible reporting mechanisms.
One possible solution to solve the above issues is to report the DL CE levels in terms of PDCCH repetition numbers with quantized three DL CE levels, which is similar as the UL CE levels and only consume maximum of two bits in Msg3. The PDCCH repetition numbers is determined based on the DL NRS-SINR measured by the UEs and a mechanism to which incorporate the NRS-SINR and the decoding capabilities of UEs. 
In LTE, a mechanism considering both channel quality and the performance of the UE’s receiver is adopted for radio link monitoring, where two thresholds Qout and Qin are introduced. For each threshold, a set of PDCCH/PCFICH transmission parameters are defined, and Qout and Qin correspond to channel quality where hypothetical PDCCH transmission with the corresponding defined parameter set can be detected with certain level of BLER. Therefore, Qout and Qin can be used to well reflect the “combined” downlink channel quality where the UE’s receiver performance is taken into account.  
In NB-IoT, a similar mechanism can be adopted. One example is given as follows. Two thresholds Q0 and Q1 are defined to reflect the channel quality where hypothetical PDCCH with parameter sets given by Table 3-1 and 3-2 can be reliably detected (e.g. with BLER of 1%), respectively. The repetition numbers R0/ R1 in Table 3-1/3-2 can be fixed in the spec., or broadcasted in SIB. Similar as three UL CE levels, the downlink channel quality can be categorized into three levels represented by CEDL=0,1,2, and can be determined as in eq. (1)

   (1)

Table 3-1 PDCCH transmission parameters for Q0
	Attribute
	Value

	DCI format
	N1

	Repetition number
	R0

	Aggregation level (CCE)
	2

	Ratio of PDCCH RE energy to average RS RE energy
	0 dB; when single antenna port is used for cell-specific reference signal transmission by the PCell.
-3 dB; when two antenna ports are used for cell-specific reference signal transmission by the PCell.




Table 3-2 PDCCH transmission parameters for Q1
	Attribute
	Value

	DCI format
	N1

	Repetition number
	R1

	Aggregation level (CCE)
	2

	Ratio of PDCCH RE energy to average RS RE energy
	0 dB; when single antenna port is used for cell-specific reference signal transmission by the PCell.
-3 dB; when two antenna ports are used for cell-specific reference signal transmission by the PCell.



Proposal 1: Introduce a report of the DL CE level with 2 bits in Msg 3. The reported DL CE level can reveal the DL NRS based SINR measured by the UEs the decoding capabilities of UEs based on a predefined mechanism. 
Proposal 2: The predefined mechanism for determining DL CE level can be based on a hypothetical PDCCH transmission.	
3 Conclusions 
Observation 1: Current CE level determination methodology, which relies on RSRP measurement, can be problematic estimating the downlink channel qualities due to no prior information on downlink interference. 
Observation 2: RSRQ does not show clear correlation with SINR, and cannot be effectively used to determine the downlink channel quality.
Observation 3: Directly reporting the NRS based SINR as the DL CE level to the eNB is not enough and not quite feasible considering the various decoding capabilities of NB-IoT UEs and the limitation of the possible reporting mechanisms.
Proposal 1: Introduce a report of the DL CE level with 2 bits in Msg 3. The reported DL CE level can reveal the DL NRS based SINR measured by the UEs the decoding capabilities of UEs based on a predefined mechanism. 
Proposal 2: The predefined mechanism for determining DL CE level can be based on a hypothetical PDCCH transmission.	
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