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1. Introduction
New WI proposal NB-IoT was approved in RAN plenary #69, and the latest WID was the approved one in RAN#71 [1]. In RAN4#78 meeting, WF on BS unwanted emission requirements was agreed in [2] where agreements and open issues on ACLR, UEM and spurious emission requirements for in-band/guard-band/stand-alone operations were summarized. In this contribution, we discuss one of the remaining open issues for guard-band operation.
2. Background

2.1. Agreed WF
In [2], WF on BS unwanted emission was agreed as below;
Table 1 Summary of agreement in [2]
	Requirement
	Operation mode

	
	In-band
	Guard-band
	Stand-alone

	
	
	CBW = 1.4/3/5 MHz
	CBW > 5 MHz
	

	ACLR
	Reuse existing LTE ACLR requirement and adjacent channel measurement bandwidth is kept unchanged.
	FFS

	UEM
	fulfil LTE unwanted emission requirements
	FFS
	fulfil LTE unwanted emission requirements
	Omit the details

	Spurious emission
	Follow MSR base station requirement in terms of both spurious emission boundary and emission level


There are two open issues (ACLR for stand-alone and UEM for guard-band with 1.4/3/5 MHz CBW) as shown in Table 1. In this contribution we discuss UEM for guard-band with 1.4/3/5 MHz CBW and show the applicable requirement according to the last RAN4 discussion and agreements.
3. How to define the UEM requirement for guard-band with 1.4/3/5 MHz CBW
In this section, we discuss that which UEM requirement for guard-band with 1.4/3/5 MHz CBW shall be used from options as below;

(i.) The same UEM requirement for LTE
(ii.) Introducing extra frequency offset mentioned in [3, 4]
(iii.) Others.
3.1. From Co-existence study and agreements point of view
Co-existence study is still under discussion in RAN4 especially for uplink for in-band/guard-band operation. Current agreements were captured in TR 36.802 v0.1.0 [5] based on approved TPs [6-8].
====start of reference====

6.1
Coexistence simulation cases
Simulation cases for evaluating coexistence study for NB-IoT are described in this section. Scenarios for coexistence evaluations include the following operation modes,

· Stand-alone operation

· Guard band operation

· In-band operation

For the stand-alone operation mode, coexistence between NB-IoT and legacy LTE/UMTS/GSM systems need studied both for the downlink and the uplink. 

For the guard band and in-band operation modes, coexistence between NB-IoT and legacy LTE system need studied only for the uplink, considering the downlink sub-carrier of NB-IoT is orthogonal with LTE PRB and both are transmitting from the same BS.
The simulation cases for the above scenarios are given in Table 6.1-1

Table 6.1-1 Simulation cases of coexistence study for NB-IoT

	Cases
	Operation mode
	Aggressor
	Victim
	Direction

	1
	Stand-alone
	NB-IoT
	LTE
	Downlink

	2
	Stand-alone
	LTE
	NB-IoT
	Downlink

	3
	Stand-alone
	NB-IoT
	UMTS
	Downlink

	4
	Stand-alone
	UMTS
	NB-IoT
	Downlink

	5
	Stand-alone
	NB-IoT
	GSM
	Downlink

	6
	Stand-alone
	GSM
	NB-IoT
	Downlink

	7
	Stand-alone
	NB-IoT
	LTE
	Uplink

	8
	Stand-alone
	LTE
	NB-IoT
	Uplink

	9
	Stand-alone
	NB-IoT
	UMTS
	Uplink

	10
	Stand-alone
	UMTS
	NB-IoT
	Uplink

	11
	Stand-alone
	NB-IoT
	GSM
	Uplink

	12
	Stand-alone
	GSM
	NB-IoT
	Uplink

	13
	Guard band
	NB-IoT
	LTE
	Uplink

	14
	Guard band
	LTE
	NB-IoT
	Uplink

	15
	In-band
	NB-IoT
	LTE
	Uplink

	16
	In-band
	LTE
	NB-IoT
	Uplink


====end of reference====
As you can see the above agreement highlighted in blue in TR, it was concluded that there is no need to consider co-existence for downlink with guard-band operation. In general, when it comes to considering DL co-existence between LTE and NB-IoT for the guard band operation, there are two cases. The 1st case is for between LTE and guard-band in the same LTE CBW and the 2nd case is for between LTE and guard-band in the ajacent LTE CBW as illustrated in Fig 1. In order to conclude no need to consider co-existence for both cases, the following technical justifications are essential.
For the 1st case, it is the justification that the orthogonality between LTE PRB and NB-IoT subcarrier in the same LTE CBW are maintained. This aspect has been already captured in TR.
On the other hand, for the 2nd case, it is the justification that the same UEM requirement with LTE shall be applied. The technical justification is, however not explained in the TR yet. Nevertheless, it was the conclusion that there is no co-existence issue for between LTE and guard-band in the adjacent LTE CBW. Therefore, considering that situation, it is deductively concluded that the same UEM requirement for LTE shall be applied to that for NB-IoT as well. This is because, if applied UEM requirement for NB-IoT is different from that for LTE (i.e., select (ii) or (iii)), it would impact on the co-existence result. 
In summary, in order to conclude that there is no DL co-existence issue for guard-band operation, applicable UEM requirement for NB-IoT shall be (i)
The same UEM requirement for LTE. Otherwise (if other option ((ii) or (iii)) was selected) RAN4 needs to reconsider DL co-existence between LTE and guard-band in the adjacent LTE CBW.
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Fig 1. 2 cases of relationship between LTE and NB-IoT for co-existence study

Observation 1: In order to conclude that there is no DL co-existence issue for guard-band operation, applicable UEM requirement for guard-band operation with 1.4/3/5 MHz CBW is only (i)
The same UEM requirement for LTE.
Proposal 1: For guard-band operation with 1.4/3/5 MHz CBW, the same UEM requirement for LTE shall be used since RAN4 had already concluded there is no DL co-existence issue for guard-band operation.

3.2. From 6dB power boosting discussion and agreements point of view
To respond to an LS from RAN1 [9], RAN4 studied the impact of 6dB boosting on RF implementation for in-band/guard-band operations. In RAN4#78 meeting, an LS reply [10] was agreed where it was mentioned that generally 6dB boosting would be feasible. Based on the contents of the LS reply [10], TP for TR 36.802 [11] was approved.
RAN4 evaluated 6dB boosting feasibility based on the agreed WF [12] where the following agreements on guard-band power boosting were captured.
====start of reference====

· For guard-band operation, to evaluate the impact on existing requirements for different power boosting levels with single PA and separate PAs (addressing Q3)
· Evaluation shall be based on EVM for this power boosted PRB and the rest of the PRBs and unwanted emission
· The evaluation should cover NB-IOT allocations in guard band for approximately 0 and 200kHz offsets from the edge of the LTE carrier

====end of reference====
As shown in the texts highlighted in blue, RAN4 agreed to evaluate 6dB feasibility for guard-band operation based on the existing LTE unwanted emission. Thus RAN4 should reuse (i)
the same UEM requirement for LTE for guard-band operation regardless of CBW.
As the result, RAN4 agreed that 6dB power boosting would be feasible when NB-IoT carrier is placed adjacent to the edges of the transmission bandwidth as close as possible in [10] and [11]. If the other option ((ii) or (iii)) was selected, RAN4 would need to reconsider that in which position 6dB boosting by satisfying the UEM for LTE would be feasible for guard-band operation, and may need to resend an LS reply with new contents to RAN1.
Observation 2: 6dB boosting feasibility for guard-band operation was studied based on the existing LTE unwanted emission, and RAN4 concluded that it would be feasible when NB-IoT carrier is placed adjacent to the edges of the transmission bandwidth as close as possible.

Proposal 2: For guard-band operation with 1.4/3/5 MHz CBW, the same UEM requirement with LTE shall be used since RAN4 had already concluded that 6dB boosting for guard-band operation would be feasible with existing LTE UEM when NB-IoT carrier is placed adjacent to the edges of the transmission bandwidth as close as possible.
3.3. How to specify dynamic range requirement to satisfy the UEM requirement
As shown in above sub-clauses, our proposal is that the same UEM requirement with LTE shall be used for guard-band operation with 1.4/3/5 MHz CBW. On the other hand, we can also understand that it would be difficult to satisfy both UEM requirement and 6dB boosting at the edge of LTE CBW for some already being deployed BSs since the outermost RB position with 6dB boosting in the CBW where the UEM requirement can be met depends on the BS implementation margin. Thus we propose two options to specify output power dynamic range requirement as below. Examples for these two options are illustrated in Fig 2.
· Option A: Vender declares the outermost RB position with 6dB boosting in the CBW where the UEM requirement can be met.

· Option B: Vender declares the boosting level (<= 6dB) at each/certain RB in the CBW where the UEM requirement can be met.
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Fig 2. Examples how to specify output power dynamic range requirement

Observation 3: The BS implementation margin shall be taken into account to specify the output power dynamic range requirement.
Proposal 3: Either option A or B shall be used to specify the output power dynamic range requirement.

· Option A: Vender declares the outermost RB position with 6dB boosting in the CBW where the UEM requirement can be met.
· Option B: Vender declares the boosting level(s) (<= 6dB) at each/certain RB in the CBW where the UEM requirement can be met.
4. Conclusion

In this contribution, we discussed unwanted emission requirement for guard-band with 1.4/3/5 MHz CBW. We obtained following observations and proposals.
Observation 1: In order to conclude that there is no DL co-existence issue for guard-band operation, applicable UEM requirement for guard-band operation with 1.4/3/5 MHz CBW is only (i)
The same UEM requirement for LTE.
Proposal 1: For guard-band operation with 1.4/3/5 MHz CBW, the same UEM requirement for LTE shall be used since RAN4 had already concluded there is no DL co-existence issue for guard-band operation.

Observation 2: 6dB boosting feasibility for guard-band operation was studied based on the existing LTE unwanted emission, and RAN4 concluded that it would be feasible when NB-IoT carrier is placed adjacent to the LTE RB edge as close as possible.

Proposal 2: For guard-band operation with 1.4/3/5 MHz CBW, the same UEM requirement with LTE shall be used since RAN4 had already concluded that 6dB boosting for guard-band operation would be feasible with existing LTE UEM when NB-IoT carrier is placed adjacent to the LTE RB edge as close as possible.

From proposal 1 and 2, if RAN4 select other options ((ii) or (iii)) than option (i) for UEM requirement, RAN4 needs to reconsider and restudy for DL co-existence and 6dB feasibility.

Observation 3: The BS implementation margin shall be taken into account to specify the output power dynamic range requirement.

Proposal 3: Either option A or B shall be used to specify the output power dynamic range requirement.

· Option A: Vender declares the outermost RB position with 6dB boosting in the CBW where the UEM requirement can be met.
· Option B: Vender declares the boosting level(s) (<= 6dB) at each/certain RB in the CBW where the UEM requirement can be met.
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