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1. Introduction

In last RAN4#82 a WF was approved in [1] to capture the agreements on RRM requirement for NB-IoT enhancement. It was agreed that the existing RRM requirement for UE Cat.NB1 can be reused for UE Cat.NB2 except for random access:
	· Random access

· For random access on anchor carrier, the existing requirement for UE Cat-NB1 can be reused for UE Cat-NB2

· For random access on non-anchor carrier, whether new requirement is needed is FFS since NPRACH CE level selection is based on NRSRP measurement on anchor carrier and UE may have different measurement result on anchor and non-anchor carriers.


In this contribution we provide further discussion on the issue.
2. Discussion
Before we come to RRM discussion, we would like to go over the random access procedure related to NPRACH resources mapping and selection. Corresponding requirements are specified in TS36.321, which is reproduced here informatively: 
	Random access resource mapping and selection

-
the mapping of the PRACH resources into enhanced coverage levels is determined according to the following:

-
the number of enhanced coverage levels is equal to one plus the number of RSRP thresholds present in rsrp-ThresholdsPrachInfoList.

-
each enhanced coverage level has one anchor carrier PRACH resource present in nprach-ParametersList and zero or one PRACH resource for each non-anchor carrier signalled in nprach-ConfigList-r14.

-
enhanced coverage levels are numbered from 0 and the mapping of PRACH resources to enhanced coverage levels are done in increasing numRepetitionsPerPreambleAttempt order.

-
when multiple carriers provide PRACH resources for the same enhanced coverage level, the UE will randomly select one of them using the following selection probabilities:

-
the selection probability for the anchor carrier PRACH resource is given by nprach-ProbabilityAnchor

-
the selection probability is equal for all non-anchor carrier PRACH resources and the probability of selecting one PRACH resource on a given non-anchor carrier is (1- nprach-ProbabilityAnchor)/(number of non-anchor NPRACH resources)

-
the criteria to select PRACH resources based on RSRP measurement per enhanced coverage level supported in the Serving Cell rsrp-ThresholdsPrachInfoList.

…

Coverage level selection:
-
if the UE is an NB-IoT UE, a BL UE or a UE in enhanced coverage:

-
set the PREAMBLE_TRANSMISSION_COUNTER_CE to 1;

-
if the starting enhanced coverage level, or for NB-IoT the starting number of NPRACH repetitions, has been indicated in the PDCCH order which initiated the Random Access procedure, or if the starting enhanced coverage level has been provided by upper layers:
-
the MAC entity considers itself to be in that enhanced coverage level regardless of the measured RSRP;
-
else:

-
if the RSRP threshold of enhanced coverage level 3 is configured by upper layers in rsrp-ThresholdsPrachInfoList and the measured RSRP is less than the RSRP threshold of enhanced coverage level 3 and the UE is capable of enhanced coverage level 3 then:

-
the MAC entity considers to be in enhanced coverage level 3;

-
else if the RSRP threshold of enhanced coverage level 2 configured by upper layers in rsrp-ThresholdsPrachInfoList and the measured RSRP is less than the RSRP threshold of enhanced coverage level 2 and the UE is capable of enhanced coverage level 2 then:

-
the MAC entity considers to be in enhanced coverage level 2;

-
else if the measured RSRP is less than the RSRP threshold of enhanced coverage level 1 as configured by upper layers in rsrp-ThresholdsPrachInfoList then:

-
the MAC entity considers to be in enhanced coverage level 1;

-
else:

-
the MAC entity considers to be in enhanced coverage level 0;

…

NOTE:
A NB-IoT UE measures RSRP on the anchor carrier.


In order to increase readability, we summary the NPRACH resource selection mechanism for multi-carriers as follows:
1) select CE level based on RSRP measurement on anchor carrier

2) build a list of PRACH resources from all anchor and non-anchor carriers for this CE level

3) select randomly a resource in the list built in step 2

4) in case of failure (no response, collision) – perform a new attempt starting from step 3
The open issue in RAN4 is that NPRACH CE level selection is based on NRSRP measurement on anchor carrier and some companies concerned that UE may have different measurement result on anchor and non-anchor carriers, which may lead to inappropriate CE level selection. Some potential solutions are also kicked out in last RAN4 #82. 
Solution 1: increase the measurement period to overcome the channel fading. 

Solution 2: add some margin (in threshold) in CE level selection when UE is to perform random access on non-anchor carrier.

However, we don’t think they are feasible way from procedure perspective. More specifically, 
1) in IDLE mode, UE measurement requirements for serving cell is specified in TS36.133 section 4.6.2.1 and 4.6.2.3. The measurement periods are 2 times DRX cycles for normal coverage and 4 times DRX cycles for enhanced coverage. 

Note that the coverage mode (normal/enhanced) selection is based on only radio condition and has nothing to do with CE level. UE will not determine its CE level until it needs to set up connection to network because the CE level may change from time to time and it would be meaningless to determine it in advance. When UE needs to random access to serving cell, UE shall select the CE level based on the latest RSRP measurement. According to the steps mentioned above, UE will build a list of PRACH resource from all anchor and non-anchor carriers for this CE level and then select randomly a resource in the list (step 2 and 3). Note that the anchor or non-anchor carrier selection occurs only after the CE level is determined. Therefore, solution 1 is unfeasible, i.e. using longer measurement period in CE level selection when UE needs to perform random access on non-anchor carrier.
Observation 1: NPRACH resources selection occurs only after the CE level is determined. Therefore it is unfeasible to increase measurement period before CE level selection when UE needs to perform random access on non-anchor carrier in IDLE mode.

As for solution 2, it is not workable either for the same reason. On the other hand, a NB-IoT UE has the same measurement accuracy for intra and inter-frequency NRSRP measurement as can be found TS36.133 section 9.1.22:
Table 9.1.22.1-1: NRSRP Intra frequency absolute accuracy for UE Category NB1 for HD-FDD 

	Accuracy
	Conditions

	Normal condition
	Extreme condition
	Ês/Iot
	Io Note 1 range

	
	
	
	E-UTRA operating band groups Note 2
	Minimum Io
	Maximum Io

	dB
	dB
	dB
	
	dBm/15kHz 
	dBm/BWChannel
	dBm/BWChannel

	(6
	(9
	(-6 dB
	NFDD_G
	[-118]
	N/A
	[-70]

	(8
	(11
	(-6 dB
	NFDD_G
	N/A
	[-70]
	[-50]

	(10.3
	(13.3
	(-15 Ês/Iot (-6 dB
	NFDD_G
	[-118]
	N/A
	[-70]

	(12.3
	(15.3
	(-15 Ês/Iot (-6 dB
	NFDD_G
	N/A
	[-70]
	[-50]

	NOTE 1:
Io is assumed to have constant EPRE across the bandwidth.

NOTE 2:
E-UTRA operating band groups are as defined in Section 3.5. 


Table 9.1.22.5-1: NRSRP Inter frequency absolute accuracy for UE Category NB1 for HD-FDD 

	Accuracy
	Conditions

	Normal condition
	Extreme condition
	Ês/Iot
	Io Note 1 range

	
	
	
	E-UTRA operating band groups Note 2
	Minimum Io
	Maximum Io

	dB
	dB
	dB
	
	dBm/15kHz 
	dBm/BWChannel
	dBm/BWChannel

	(6
	(9
	(-6 dB
	NFDD_G
	[-118]
	N/A
	[-70]

	(8
	(11
	(-6 dB
	NFDD_G
	N/A
	[-70]
	[-50]

	(10.3
	(13.3
	(-15 Ês/Iot (-6 dB
	NFDD_G
	[-118]
	N/A
	[-70]

	(12.3
	(15.3
	(-15 Ês/Iot (-6 dB
	NFDD_G
	N/A
	[-70]
	[-50]

	NOTE 1:
Io is assumed to have constant EPRE across the bandwidth.

NOTE 2:
E-UTRA operating band groups are as defined in Section 3.5. 


2) in CONNECTED mode, random access on non-anchor carrier is triggered by PDCCH order. In that case the CE level is determined by network (as yellow highlight above) and RAN4 concern doesn’t exist.
Fundamentally, UE performs RSRP measurement to estimate the path loss from BS, based on which and CE level threshold(s) indicated by network UE can determine the CE level it belongs. The maximum bandwidth for a NB-IoT BS is 20MHz as agreed in RAN1, which means the carrier frequency difference between an anchor carrier and a non-anchor carrier will not exceed 20MHz. Thus the maximum path loss between these two carriers should be:
20log(fc) – 20log(fc-2000000)












(1)
Assuming 2GHz carrier frequency, then the maximum path loss difference between anchor and non-anchor carrier is about 0.087 dB, which we believe could be negligible. Thus no further RRM work on random access on non-anchor carrier is proposed.

Proposal 1: existing random access requirement for UE Cat.NB1 can be reused for Cat.NB2.

3. Conclusions

In this contribution we further discuss the RRM impact of random access on non-anchor carrier. After discussion the following conclusions are made:
Observation 1: NPRACH resources selection occurs only after the CE level is determined. Therefore it is unfeasible to increase measurement period before CE level selection when UE needs to perform random access on non-anchor carrier in IDLE mode.
Proposal 1: existing random access requirement for UE Cat.NB1 can be reused for Cat.NB2.
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