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1. Introduction
In RAN4#78bis meeting, WF on BS RX REFSENS was agreed in [1] where agreements and open issues were summarized. Adding on that, the WF captures an REFSENS issue how to handle RF filter edge insertion loss and it was newly raised in last meeting. Furthermore, it is unclear whether RAN4 needs to solve this issue in Rel-13 or not. And, this issue effects not only REFSENS but also all the other BS RX requirements because all the other BS RX requirements are specified based on REFSENS requirement. Thus, this contribution proposes how to address this issue from not only technical but also operator and RAN4 work progress point of views.
2. Background

In [1], following “band edge issue” was captured, however there was no consensus how to address or whether RAN4 needs to solve this issue in Rel-13.
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Fig 1. WF on [1] page 5 and page 6.
3. Discussion
3.1. Related requirements of this issue
As mentioned in Introduction part, this issue effects not only REFSENS but also all other BS RX requirements because all other BS RX requirements are specified based on REFSENS requirement. Thus, we propose as follows.
Proposal 1: Following Proposals shown in this contribution shall apply not only REFSENS but also all the other BS RX requirements.

3.2. Further Analysis on filter edge issue
3.2.1. Passed discussion on E-UTRA REFESENS requirement

RF filter insertion loss at the filter edge has not been considered to specify E-UTRA BS REFSENS requirement, since pass band of RX RF filter shall cover whole UL frequency range which BS supports in a certain operating band.
Observation 1: RF filter insertion loss at band edge has never been considered to specify for both UE and BS E-UTRA REFSENS requirement.
Proposal 2: RAN4 should recognize that RF filter insertion loss at band edge has never been considered to specify for both UE and BS E-UTRA REFSENS requirement.
3.2.2. RF filter type

RF filter type can be summarized in two types. So, Figure 1 shows each type of RF filter for Band 1 as “RF filter A” and “RF filter B”.
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Fig 1. RF filter design examples for Band 1

The characteristics are shown in Table 1. In this contribution, “Fgurad” in the Fig 1 and Table 1 means guard band range at a side, which is determined by E-UTRA CBW as shown in table 2. As the CBW becomes narrower, the Fguard also becomes narrower.
Table 1: Two kinds of filter

	
	Characteristic

	
	

	RF filter A
	@ FUL_low ~ FUL_low+Fgurad and FUL_high-Fgurad ~ FUL_high, 
there is NO large insertion loss compared with center frequency.

	RF filter B
	@ FUL_low ~ FUL_low+Fgurad and FUL_high-Fgurad ~ FUL_high, 
there is large insertion loss compared with center frequency.


Table 2: Fguard (one side guard band width) for each CBW

	CBW [MHz]
	1.4
	3
	5
	10
	15
	20

	Fgurad [MHz]
	0.16
	0.15
	0.25
	0.5
	0.75
	1


3.3. Technical point of view
This sub-clause, we discuss how to address this issue from technical point of view considering “RF filter A” and “RF filter B”. Table 3 summarizes whether “RF filter A” and “RF filter B” have the filter edge issue or not.
· RF filter A

There is NO filter edge issue, since the insertion loss within whole UL frequency range FUL_low~FUL_high.
· RF filter B
At FUL_low+Fgurad ~ FUL_high-Fgurad there is NO filter edge issue as same reason of RF filter A. On the other hand, at FUL_low ~ FUL_low+Fgurad and FUL_high-Fgurad ~ FUL_high, there may be filter edge issue, since the insertion loss within these range may be not small enough.
Table 3: Where issues are in two types of RF filter

	
	In R4-16281

	
	FUL_low + Fgurad ~ FUL_high - Fgurad
	FUL_low ~ FUL_low+ Fgurad 
and FUL_high - Fgurad ~ FUL_high

	RF filter A
	Case 1 (No issue)

	RF filter B
	Case 1 (No issue)
	Case 2 (may have issue)


Observation 2: “RF filter A” has NO filter edge issue. On the other hand “RF filter B” may have filter edge issue only in FUL_low ~ FUL_low+Fgurad and FUL_high-Fgurad ~ FUL_high.
Proposal 3: There is no need to specify any edge specific REFSENS requirement at FUL_low + Fgurad ~ FUL_high - Fgurad. Here, Fguard is guard band range at a side, which is determined by E-UTRA CBW.
In our understanding, “RF filter A” is majority of current BS implementation. On the other hand, “RF filter B” would be minority. If “RF filter B” was used generally, RAN4 may need to consider this filter edge issue to specify REFSENS requirement, otherwise RAN4 doesn’t need to care this filter edge issue.
Observation 3: If “RF filter B” was used generally, RAN4 may need to consider this filter edge issue to specify REFSENS requirement, otherwise RAN4 doesn’t have to care this filter edge issue.
Proposal 4: To specify any specific REFSENS requirement for frequency ranges at FUL_low ~ FUL_low+ Fgurad and FUL_high - Fgurad ~ FUL_high, RAN4 needs to confirm that “RF filter B” is widely used in the current BS implementation before the discussion.
If RAN4 confirmed that “RF filter B” is widely used in the current BS implementation, it might introduce edge specific REFSENS requirement. (NOTE; RAN4 has never introduced such a specific REFSENS requirement for E-UTRA as shown in Observation 1 and Proposal 1)

It should depend on the actual RF filter edge insertion loss that whether RAN4 introduces edge specific REFSENS or not.
Proposal 5: After the confirmation based on the Proposal 3, RAN4 also needs to confirm the actual RF filter edge insertion loss value. Based on the value, RAN4 should consider to introduce the edge specific REFSENS or not.
3.4. Operator point of view
As discussed in the previous sub-clauses, filter insertion loss may be occurred at filter edge of “RF filter B” only. And this range is quite limited as FUL_low ~ FUL_low+Fgurad and FUL_high-Fgurad ~ FUL_high, and these ranges are 0.16 ~ 1 MHz. We might need to consider filter insertion loss at these ranges, however, there is no justification to change or relax REFEENS requirement applied in FUL_low + Fgurad ~ FUL_high - Fgurad. Thus we have similar proposal with Proposal 2 as below.
Proposal 6: RAN4 should not agree any relax REFSENS requirement at FUL_low + Fgurad ~ FUL_high - Fgurad.
3.5. RAN4 work progress point of view
Based on the above discussion, RAN4 need to follow the following task to specify edge specific REFSENS requirement at FUL_low ~ FUL_low+ Fgurad and FUL_high - Fgurad ~ FUL_high:
(1.) confirms that “RF filter B” is widely used in the current BS implementation.

(2.) confirms and clarify the actual RF filter edge insertion loss value.
(3.) discusses how to specify edge specific REFSENS in the core spec.

(3-1.) how much relaxation is needed due to actual RF filter edge insertion loss

(3-2.) in which range, this specific requirement shall apply. FUL_low ~ FUL_low+ Fgurad and FUL_high - Fgurad ~ FUL_high or less than them.
(3-3.) which value of Fgurad should be selected? Maximum, minimum or BS specific?
The complete date for core part of NB-IoT WI is June 2016, therefore there are only this NB-IoT AH meeting and RAN4#79 meeting before the deadline. Thus it is too challenging to complete these all tasks until RAN4#79 meeting.
Observation 4: It is too challenging to complete all the tasks to specify edge specific REFSENS requirement until the deadline (June 2016).
Proposal 7: If RAN4 complete following all tasks and agree the related CR until RAN#79 (May 2016), RAN4 introduce edge specific REFSENS requirement. Otherwise, RAN4 doesn’t introduce any edge specific REFSENS requirement.
(1.) confirms that “RF filter B” is widely used in the current BS implementation.

(2.) confirms and clarify the actual RF filter edge insertion loss value.

(3.) discusses how to specify edge specific REFSENS in the core spec.

(3-1.) how much relaxation is needed due to actual RF filter edge insertion loss

(3-2.) in which range, this specific requirement shall apply. FUL_low ~ FUL_low+ Fgurad and FUL_high - Fgurad ~ FUL_high or less than them.

(3-3.) which value of Fgurad should be selected? Maximum, minimum or BS specific?
4. Conclusion

In this contribution, we discussed how to address this issue from not only technical but also operator and RAN4 work progress point of views. We obtained following proposals.
Proposal 1: Following Proposals shown in this contribution shall apply not only for REFSENS but also for all the other BS RX requirements.

Proposal 2: RAN4 should recognize that RF filter insertion loss at band edge has never been considered to specify for both UE and BS E-UTRA REFSENS requirement.
Proposal 3: There is no need to specify any edge specific REFSENS requirement at FUL_low + Fgurad ~ FUL_high - Fgurad. Here, Fguard is guard band range at a side, which is determined by E-UTRA CBW.
Proposal 4: To specify any specific REFSENS requirement for frequency ranges at FUL_low ~ FUL_low+ Fgurad and FUL_high - Fgurad ~ FUL_high, RAN4 needs to confirm that “RF filter B” is widely used in the current BS implementation before the discussion.

Proposal 5: After the confirmation based on the Proposal 3, RAN4 also needs to confirm the actual RF filter edge insertion loss value. Based on the value, RAN4 should consider to introduce the edge specific REFSENS or not.
Proposal 6: RAN4 should not agree any relax REFSENS requirement at FUL_low + Fgurad ~ FUL_high - Fgurad.
Proposal 7: If RAN4 complete following all tasks and agree the related CR until RAN#79 (May 2016), RAN4 introduce edge specific REFSENS requirement. Otherwise, RAN4 doesn’t introduce any edge specific REFSENS requirement.

(1.) confirms that “RF filter B” is widely used in the current BS implementation.

(2.) confirms and clarify the actual RF filter edge insertion loss value.

(3.) discusses how to specify edge specific REFSENS in the core spec.

(3-1.) how much relaxation is needed due to actual RF filter edge insertion loss

(3-2.) in which range, this specific requirement shall apply. FUL_low ~ FUL_low+ Fgurad and FUL_high - Fgurad ~ FUL_high or less than them.

(3-3.) which value of Fgurad should be selected? Maximum, minimum or BS specific?
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