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1 Introduction
During field trial, lots of random access failure and frequently CE level increasing during random access procedure is observed due to heavy uplink noise. Applying the same CE level for both uplink and downlink may be not suitable, especially when uplink noise is much higher than downlink. In addition, SINR is also recommended to be applied for DL CE level estimation, due to network side has no idea of downlink noise.
In this paper, we share some field trial results and analyse the DL and UL CE level non-corresponding issue. Then candidate solutions are provided.
2 Discussion

Issue 1: uplink downlink non-corresponding

In current standard, UE estimates its CE level based on comparison between downlink RSRP and rsrp-ThresholdsPrachInfoList. And UE choose the random access resource corresponding to the CE level. After the eNB receive random access, eNB is aware of which CE level UE has selected and adopt the corresponding repetition for NPDCCH. Therefore, both uplink and downlink transmission are tight coupled with the CE level UE selected. 
However, during our NB-IoT field trial, we found that applying the same CE level for both uplink and downlink is not suitable. In most of cells, uplink noise is much higher than downlink, i.e. around 10~20dB higher. Figure 1 shows uplink noise detected by NB-IoT field trial BS in different cities. Table 1 shows average uplink noise in each city. The uplink noise mainly come from GSM base station and GSM power amplifier (repeater).
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Figure 1. Uplink noise in different cells in each city

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


Traditionally, the two RSRP thresholds for CE level estimation are -112dBm and -122dBm. Unfortunately, 10~20dB uplink noise affect the CE level significantly. When UE choose a CE level according to downlink RSRP, this CE level is not suitable for uplink transmission. During the field trial, we observe that many NB-UE failed at first random access attempt due to uplink failure. After many times random access attempt, the CE level is increased and finally transmitted successfully. However, higher CE level leads to higher downlink PDCCH repetition which is not necessary and wastes downlink resources.

Observation 1: A single CE level cannot fit for both uplink and downlink, when uplink noise is much higher than downlink.
Issue 2: RSRP is not efficient for downlink CE level estimation

In current standard, UE select CE level only by comparing RSRP with rsrp-ThresholdsPrachInfoList but not taking SINR into consideration. However, during the field trial, we find that although two UE detect similar downlink RSRP value, SINR detected by the two UE may significantly different. Applying same CE level for these two UE may cause problem for the UE in lower SINR. Since the configured NPDCCH repetition for the UE in lower SINR is not sufficient, random access procedure fails. UE has to launch another random access procedure with higher CE level. However, higher CE level also results in more uplink repetitions which is not necessary and increase the delay of access and more power consumption.

Observation 2: RSRP is not efficient for downlink CE level estimation.
We would like to share some results of our pre-commercial network in table 2. If the RSRP threshold is set as -112dBm and -122dBm, all the UEs are in CE0. But lots of the UEs cannot perform random access successful in CE0 due to low downlink SINR. These UEs have to modify CE level to CE1 or CE2 to increase NPDCCH repetition. As a consequence, the delay and power consumption are increased. If SINR threshold 12dB and 5dB is applied for CE level estimation, the problem is alleviated. UEs are uniformly distributed into suitable CE levels. Most of the UEs can successfully perform random access in the selected CE level.
Table 2. UE distribution by taking RSRP as threshold or SINR as threshold
	CE level
	RSRP threshold
	UE distribution
RSRP as threshold
	SINR threshold
	UE distribution
SINR as threshold

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

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

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


Proposal 1: RAN1 is kindly asked to recognize this DL and UL CE level non-corresponding problem in NB-IoT.
3 Candidate Solutions 
For issue 1, when the noise for uplink and downlink significant different, applying one single CE level for both uplink and downlink is not appropriate. Therefore, two separate CE levels need to be applied for uplink and downlink for each UE. Uplink CE level is used to select corresponding RACH resources. And downlink CE level is used for eNB to configure NPDCCH repetition. In order to support this, network needs to broadcast two separate threshold lists for uplink and downlink CE level in SIB2.
Proposal 2: Two separate threshold lists for UL and DL CE level selection is broadcasted in SIB2.

Since network needs to know which downlink CE level is selected by UE, a mechanism for UE to report the selected downlink CE level to eNB needs to be defined.
There are 3 CE level for NB-IoT. In order to report the selected DL CE level to eNB, 2 bits DL CE level information needs to be transmitted from UE to eNB. MSG 1 or MSG 3 can be used by UE to carry 2 bits information.
Option 1: MSG 1 frequency/time domain
MSG 1 frequency/time domain can be coupled with DL CE level. The selected DL CE level is implicit indicated by MSG1. The advantage of option 1 is that eNB is aware of the selected DL CE level as soon as MSG1 is received. The disadvantage of option 1 is that RACH resource is divided into smaller granularity, which may have bad impact on RACH collision.
Option 2: MSG 3 reserved bits

MSG 3 reserved bits can be utilized to carry 2 bits. The selected DL CE level is explicit indicated by MSG3. The advantage is that no additional signalling is needed and no overhead is caused. But disadvantage is that eNB has no idea of the DL CE level while transmitting MSG 2, which may affect the successful delivery of MSG2. 
Taking these into consideration, we would prefer option 1 in order to let the eNB aware of which CE level to be applied for MSG2.

Proposal 3: MSG 1 frequency/time domain carry 2 bits information to inform eNB the selected DL CE level.

For issue 2, since eNB is not aware of the DL noise for each UE and SINR has large impact on the successful decode of NPDCCH, it is better to select DL CE level based on SINR threshold. Therefore, we propose SINR is used for DL CE level threshold.

Proposal 4: SINR is used for DL CE level threshold. 
4 Conclusions
In this paper, we have discussed the UL/DL CE non-corresponding issue. We would like to propose:

Observation 1: A single CE level cannot fit for both uplink and downlink, when uplink noise is much higher than downlink.
Observation 2: RSRP is not efficient for downlink CE level estimation.
Proposal 1: RAN1 is kindly asked to recognize this DL and UL CE level non-corresponding problem in NB-IoT.
Proposal 2: Two separate threshold lists for UL and DL CE level selection is broadcasted in SIB2.
Proposal 3: MSG 1 frequency/time domain carry 2 bits information to inform eNB the selected DL CE level.
Proposal 4: SINR is used for DL CE level threshold. 
