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1. Introduction
As in the RAN4#NB-IoT AH meeting held in Sweden, it was agreed to reuse the exiting RSRP range of E-UTRA system as NRSRP range of NB-IoT system in the reply LS to RAN2 [1], however during that WI phase, the NRSRP and NRSRQ accuracy is still under the discussion, meanwhile the maximum NRSRP value in the LS [1] is also not taking standalone scenario into account. Therefore in this contribution, we want to share some further considerations on the NRSRP range for RAN2 reference.
2. Discussion 
As in the reply LS sent to RAN2 in NB-IoT AH meeting held in May, there is no much discussion or consideration on the allowance for implementation margin for NRSRP range especially when NRSRP accuracy become quite worse at the low geometry, e.g. SNR=-15dB used for NB-IoT RRM evaluation and NRSRP accuracy is approved as 10.3dB at the RAN4#81 meeting [5]. In addition, for E-UTRA system, some implementation margin was also considered for the minimum RSRP in TS 36.133 which is around 6dB IM similar to RSRP accuracy defined in 3GPP Rel8. Therefore for minimum NRSRP value, NRSRP accuracy should be taken into account as the implementation margin. 
Proposal 1: for the minimum NRSRP value, NRSRP accuracy should be taken into account as the implementation margin.
In the following section, we will discuss how to derive the minimum NRSRP value and maximum NRSRP value separately.
2.1 Minimum NRSRP value:  

In general, there are two typical methods to derive the minimum NRSRP value: 1) SNR based method; 2) MCL based method. In fact, these two methods should be identical if the SNR value is derived directly according to MCL and noise floor. However for NB-IoT link budget, there might be some slight misalignment between SNR values and the corresponding MCL. According to the MCL 164dB and agreed NF, 1/f noise, the corresponding the target SNR is -17.3dB which is 2.3dB less than -15dB used for NB-IoT RRM evaluation. Therefore no matter for SNR based method or MCL based method, maybe 2dB relaxation for NRSRP accuracy to allow for SNR degradation in the real deployment. 
Table 1. Link Budget for In-band&Guard-band NB-IoT: Downlink 
	Scenario
	In-band&Guard-band NB-IoT

	Transmit power 
	46dBm

	Transmission Bandwidth 
	180KHz

	MCL 
	144
	154
	164

	UE NF 
	8.5

	1/f Noise  
	0.8dB

	Target SNR without power boosting 
	-3.30dB
	-13.30dB 
	-23.30dB 

	Target SNR with 6dB power boosting
	2.70dB
	-7.30dB
	-17.30dB

	Note1: 10MHz LTE system is assumed with transmit power 46dBm;

Note2: 1/f Noise is caused by NB-IoT DC leakage. 


1) SNR based method: 
· Minimum NRSRP=-174dBm/Hz+10*log10(15*1000)+NF+1/f+Target SNR+IM
=-174dBm/Hz+10*log10(15*1000)+8.5+0.8-17.3-10.3

=-150.5dBm;  
Where : 
· -174dBm/Hz is the thermal noise density; 

· 15KHz is the bandwidth per RE; 

· NF is noise figure of UE receiver which is approved as 8.5dB for UE REFSENS requirement and 1/f is phase noise of UE receiver due to DC leakage which is approved as 0.8dB for UE REFSENS requirement; 

· NRSRP accuracy is approved as 10.3dB when SNR is -15dB;  
Just as mentioned before, if 2dB relaxation considered for the minimum NRSRP value, then the final minimum NRSRP value should be proposed as -152.5dBm; However the NRSRP value is defined as integer number, therefore the final NRSRP value could be proposed as -153dBm;  
2) MCL based method: 164dB
· PNB= 46-10*log10(50) +Power boosting; 
· NRSRP= PNB-10*log10(12)-164dB-10.3dB
      =-150.1dBm
Where 
· 46dBm is the transmission power of 10MHz E-UTRA BS which is used in NB-IoT coexistence study [x]; 
·  +6dB power boosting for in-band and guard band operation mode is specified in TS 36.104 which requires the minimum power boosting capability for BS vendor. 
Just as mentioned before, if 2dB relaxation considered for the minimum NRSRP value, then the final minimum NRSRP value should be proposed as -152.1dBm; However the NRSRP value is defined as integer number, therefore the final NRSRP value could be proposed as -153dBm;

Proposal 2: the minimum NRSRP value should be -153dBm; 
2.2 Maximum NRSRP value:  
Before discussing the maximum NRSRP value, probably it’s necessary to review how this requirement is defined for E-UTRA UE. The maximum RSRP value defined in TS 36.133 was derived according to the maximum input power and its corresponding channel bandwidth as following:  
· Maximum input power=43dBm+2dB-70dB=-25dBm

· Maximum RSRP=-25dBm-10*log10(72)dB=-44dBm 
Where: 

· MCL 70dB is usually assumed as the isolation between UE and BS in the E-UTRA system;   

· 43dBm is the transmission power of 1.4MHz E-UTRA BS which has the highest PSD compared with other E-UTRA BS configured with different transmission power and channel bandwidth;
· 2 dB is the maximum output power accuracy in the normal condition defined in the TS 36.104;    
For standalone scenario, the transmission power of NB-IoT BS is 43dBm which is the same as 1.4MHz E-UTRA BS, while the corresponding channel bandwidth is only 200KHz which is much narrower than 1.4MHz. Therefore according to the legacy method used for E-UTRA UE, the corresponding maximum NRSRP value can be defined as following: 
· Maximum input power=43dBm+2dB-70dB=-25dBm

· Maximum NRSRP=-25dBm-10*log10(12)dB=-36dBm 
Proposal 3: the maximum NRSRP value for standalone NB-IoT UE should be -36dBm; 
3. Conclusions
In this contribution, Therefore in this contribution, we want to share some further considerations on the NRSRP range and corresponding proposal to update the NRSRP table. 
Proposal 1: for the minimum NRSRP value, NRSRP accuracy should be taken into account as the implementation margin.
Proposal 2: the minimum NRSRP value should be -153dBm; 
Proposal 3: the maximum NRSRP value for standalone NB-IoT UE should be -36dBm; 
Proposal 4: to send LS to RAN2 to inform the above consideration if agreement in RAN4 is reached. 
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