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1 Introduction

This is the email discussion on [98#09][LTE/MTCe2] Extended RSRP range.
[98#09][LTE/MTCe2] Extended RSRP range (Huawei)

To decide if Rel-13 or Rel-14 and agree CR and Reply LS


Intended outcome: Agreed CR and approved LS


Deadline:  Thursday 2017-05-25

2 Discussion
In legacy LTE, the RSRP measurement range is -140dBm to -44dBm, which is not wide enough for eMTC as eMTC supports up to 15dB coverage enhancement [1]. In RAN4 LS [2], it is noted that RAN4 discussed possible extension of RSRP report mapping and asks RAN2 to provide guidance on whether extension to RSRP report mapping table is feasible and if feasible, starting from which release.
Besides, considering 15dB coverage enhancements in eMTC, the cell (re)selection threshold Qrxlevmin (from -140 dBm to -40 dBm) seems necessary to be extended, which is similar with that in NB-IoT.
The email discussion addresses the following aspects of extended RSRP range for eMTC:

· Whether extension to RSRP report mapping table is feasible

· If feasible, starting from which release
· Whether extension to Qrxlevmin is needed. 

· If needed, how to extend it.
2.1 Whether extension to RSRP report mapping table is feasible
According to the LS [2], RAN4 achieved that:

	RAN4 is considering to retain the legacy RSRP measurement report mapping table, and add the additional reporting values corresponding to the extended range in the same RSRP report mapping table. 


Therefore, the promising measurement report mapping table [3] is extended as shown below:

Table 9.1.4-1: RSRP measurement report mapping

	Reported value
	Measured quantity value
	Unit

	RSRP_00
	RSRP ( -140
	dBm

	RSRP_01
	-140 ( RSRP < -139
	dBm

	RSRP_02
	-139 ( RSRP < -138
	dBm

	…
	…
	…

	RSRP_95
	-46 ( RSRP < -45
	dBm

	RSRP_96
	-45 ( RSRP < -44
	dBm

	RSRP_97
	-44 ( RSRP
	dBm

	RSRP_98
	-141 ( RSRP< -140
	dBm

	RSRP_99
	-142 ( RSRP< -141
	dBm

	RSRP_100
	-143 ( RSRP< -142
	dBm

	RSRP_101
	-144 ( RSRP< -143
	dBm

	RSRP_102
	-145 ( RSRP< -144
	dBm

	RSRP_103
	-146 ( RSRP< -145
	dBm

	RSRP_104
	-147 ( RSRP< -146
	dBm

	RSRP_105
	-148 ( RSRP< -147
	dBm

	RSRP_106
	RSRP ( -148
	dBm


That is to say, we only need to extend RSRP-Range from (0..97) to (0..106) as depicted below:

RSRP-Range information element

-- ASN1START

RSRP-Range ::=





INTEGER(0..97)

RSRP-RangeExt ::=




INTEGER(0..106)
RSRP-RangeSL-r12 ::=



INTEGER(0..13)

RSRP-RangeSL2-r12 ::=



INTEGER(0..7)

RSRP-RangeSL3-r12 ::=



INTEGER(0..11)

RSRP-RangeSL4-r13 ::=



INTEGER(0..49)

-- ASN1STOP

For BL UEs or UEs in CE that support RSRP range extension, RSRP-RangeExt shall be reported if the measured RSRP is less than -140dBm. Otherwise, the legacy RSRP-Range is reported. 

Then, we discuss the feasibility and compatibility.

For legacy UEs (e.g. non-BL UEs, non-CE UEs or eMTC UEs that have been deployed in the market), only RSRP-Range is reported, the new eNB and legacy eNB will take these UEs as legacy UEs that report the previous range of RSRP.

For new UEs that are implemented according to the method proposed in this paper and corresponding CRs, RSRP-Range is mandatory to be reported and RSRP-RangeExt is optional to be reported if the measured RSRP is larger than -140dBm. If the measured RSRP is less than -140dBm, both RSRP-Range and RSRP-RangeExt are mandatory to be reported. The legacy eNB will not read RSRP-RangeExt and can only read RSRP-Range, then the eNB will take the UE as legacy UE. The new eNB will ignore RSRP-Range if RSRP-RangeExt is present. 

Therefore, there is no compatibility issue and it seems feasible to introduce the extended RSRP report mapping table.

Discussion point 1. Companies are invited to provide their views on whether extension to RSRP report mapping table is feasible, “Yes” or “No”. Please justify your comments.
	Question #1: whether extension to RSRP report mapping table is feasible?

	Company name
	Answer
	Comments

	ZTE
	Yes
	Agree with Huawei’s analysis.

	Ericsson
	Yes
	Like explained above the legacy range is mandatory present, and the extended range is optionally reported by the UE when supported, and below -140 dBm. The eNB just ignores the extended range when not supported. 

	Huawei, HiSilicon
	Yes
	We think it is feasible to extend the RSRP report mapping table as analysed above.



	Intel
	Yes
	Agree with the analysis 

	Qualcomm
	Yes
	Agree with Huawei’s explanation.

	NTT DOCOMO
	Yes
	Agree that extension to RSRP report mapping table is feasible.

	
	
	

	
	
	


2.2 If feasible, starting from which release
Considering above analysis, there seems no compatibility issue and it seems feasible to introduce the extended RSRP report mapping table from Rel-13.

Discussion point 2. If the answer of first question is “Yes”, companies are invited to provide their views on which release could start to introduce the extended RSRP report mapping table, Rel-13 or Rel-14. Please justify your comments.
	Question #2: which release could start to introduce the extended RSRP report mapping table?

	Company name
	Answer
	Comments

	ZTE
	
	No strong opinion.

Maybe Rel14 is suitable for start since there may have no CE Mode B UE in Rel13 as far as now.

	Ericsson
	REL-13
	We prefer to have this extension from REL-13 such that as many UEs as possible can make use of this extended range, if needed. 

	Huawei, HiSilicon
	Rel-13
	For Rel-13 UEs that have deployed into the market, the extended RSRP range is not supported. 

For Rel-13 UEs that have NOT been deployed yet into the market, the extended RSRP range is supported.

For Rel-14 UEs, the extended RSRP range is supported.



	Intel
	Rel-13
	

	Qualcomm
	Rel-13
	No strong opinion but it makes sense to extend for Rel-13 as well when there is no backward compatibility issue (as discussed in Question 1).

	NTT DOCOMO
	Rel-13
	Same view as Qualcomm.

	
	
	

	
	
	


2.3 Whether extension to Qrxlevmin is needed
In eMTC, in the criterion S, the Qrxlevmin value range is the same as LTE’s. However, eMTC supports different Tx power in different mode and supports up to 15dB coverage enhancement, and the legacy minimal Qrxlevmin may not be suitable for eMTC. Considering 15dB coverage enhancements in eMTC, some UEs cannot find a cell to camp even though within NW coverage due to the too high minimal value of Qrxlevmin (i.e. -140dBm).
Discussion point 3. Companies are invited to provide whether extension to Qrxlevmin is needed. Please justify your comments.
	Question #3: whether extension to Qrxlevmin is needed?

	Company name
	Answer
	Comments

	ZTE
	Yes
	It should be extended for idle mode UE.

	Ericsson
	Yes
	The connected mode extensions would not make much sense without the idle mode extension, i.e. the UE would not camp on the cell otherwise. 

	Huawei, HiSilicon
	Yes
	If Qrxlevmin is not extended, eMTC UEs will not be able to camp on a cell in enhanced coverage. Then UEs that support coverage enhancements will not benefit from the coverage enhancements.



	Intel
	Yes
	

	Qualcomm
	Yes
	

	NTT DOCOMO
	Yes
	

	
	
	

	
	
	


2.4 If needed, how to extend it
Considering the issue is similar with that in NB-IoT, we could use the same solution to extend the threshold, i.e. add a delta value in the current Qrxlevmin in eMTC. The corresponding correction can be found in the attached CRs.
Discussion point 4. If the answer of third question is “Yes”, companies are invited to provide their views on whether the proposed solution can solve the problem in section 2.3? Please justify your comments.
	Question #4: whether the proposed solution can solve the problem in section 2.3?

	Company name
	Answer
	Comments

	ZTE
	Yes
	To add a delta value in the current Qrxlevmin in eMTC.

	Ericsson
	Yes
	Similar solultion as for NB-IoT should be followed, when the UE is in enhanced coverage supporting CE mode B, and thus may be required to measure/report these extended RSRP values. 

	Huawei, HiSilicon
	Yes
	Since the issue is similar with NB-IoT, we propose to use the same solution to solve the problem in eMTC. The difference is that eMTC supports CE Mode A and CE Mode B, and CE Mode B is deep coverage enhancement. Therefore, we extend the threshold only for CE Mode B.



	Intel
	Yes
	Should apply the a similar delta as in NB-IoT to the enhanced coverage supporting CE Mode B, i.e. CellSelectionInfoCE1

	Qualcomm
	Yes
	Agree with comments above

	NTT DOCOMO
	Yes
	

	
	
	

	
	
	


2.5 Other related issues

Please indicate any other issues which is not covered in this document.

	Company name
	Issues and proposals

	ZTE
	In MeasResultServFreq-r13 IE definition, RSRP-RangeExt is also needed for rsrpResultSCell as follows (highlight green text):
 MeasResultServFreq-r13 ::=


SEQUENCE {


servFreqId-r13





ServCellIndex-r13,


measResultSCell-r13




SEQUENCE {



rsrpResultSCell-r13




RSRP-Range,



rsrqResultSCell-r13




RSRQ-Range-r13,



rs-sinr-Result-r13




RS-SINR-Range-r13
OPTIONAL

}














OPTIONAL,


measResultBestNeighCell-r13


SEQUENCE {



physCellId-r13





PhysCellId,



rsrpResultNCell-r13




RSRP-Range,



rsrqResultNCell-r13




RSRQ-Range-r13,



rs-sinr-Result-r13




RS-SINR-Range-r13
OPTIONAL

},
    [[   measResultSCell-v13xy




SEQUENCE {



rsrpResultSCell-v13xy



RSRP-RangeExt-v13xy,


}













OPTIONAL


]],

[[
measResultBestNeighCell-v13xy

SEQUENCE {




rsrpResultNCell-v13xy



RSRP-RangeExt-v13xy



}













OPTIONAL


]]

...
}



	ZTE
	Based the following Table 9.1.21.3-1 and Table 9.1.21.3-2 in 36.133, the max value range for the RSRP Intra frequency absolute accuracy in extreme condition is (13dB, so we think to extend the RSRP value to -148dBm may be not enough. We think it should be extended to -153dBm.
Table 9.1.21.3-1: RSRP Intra frequency absolute accuracy for UE category M1 with CE mode B for FDD and TDD 

Accuracy

Conditions

Normal condition

Extreme condition

Ês/Iot

Io Note 1 range

E-UTRA operating band groups Note 3
Minimum Io

Maximum Io

dB

dB

dB

dBm/15kHz Note 2
dBm/BWChannel
dBm/BWChannel
(8
(11
-15≤Ês/Iot≤-12 dB

FDD_A, TDD_A

-121

N/A

-70

FDD_D

-119.5
N/A

-70

FDD_E, TDD_E

-119

N/A

-70

(7
(10
(-12 dB

FDD_F

-118.5
N/A

-70

FDD_G

-118
N/A

-70

FDD_N
-114.5
N/A

-70
(10
(13
-15≤Ês/Iot≤-12 dB

FDD_A, TDD_A, FDD_D, FDD_E, TDD_E, FDD_F, FDD_G, FDD_N

N/A

-70

-50

(9
(12
(-12 dB

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

NOTE 2:
The condition level is increased by ∆>0, when applicable, as described in Sections B.4.2 and B.4.3.

NOTE 3:
E-UTRA operating band groups are as defined in Section 3.5.

Table 9.1.21.3-2: RSRP Intra frequency absolute accuracy for UE category M1 with CE mode B for HD-FDD 

Accuracy

Conditions

Normal condition

Extreme condition

Ês/Iot

Io Note 1 range

E-UTRA operating band groups Note 3
Minimum Io

Maximum Io

dB

dB

dB

dBm/15kHz Note 2
dBm/BWChannel
dBm/BWChannel
(8
(11
-15≤Ês/Iot≤-12 dB

FDD_A

-121

N/A

-70

FDD_D

-119.5
N/A

-70

FDD_E

-119

N/A

-70

(7
(10
(-12 dB

FDD_F

-118.5
N/A

-70

FDD_G

-118
N/A

-70

FDD_N
-114.5
N/A

-70
(10
(13
-15≤Ês/Iot≤-12 dB

FDD_A, FDD_D, FDD_E, FDD_F, FDD_G, FDD_N

N/A

-70

-50

(9
(12
(-12 dB

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

NOTE 2:
The condition level is increased by ∆>0, when applicable, as described in Sections B.4.2 and B.4.3.

NOTE 3:
E-UTRA operating band groups are as defined in Section 3.5.



	Intel
	Is there a need to also extend the range of the RSRP-ThresholdsPrachInfoList-r13 for the random access procedure?

	NTT DOCOMO
	In Rel-12, RSRQ-Range was extended and it was defined in ASN.1 as follows:
RSRQ-Range-v1250 ::=



INTEGER(-30..46)

If we follow the above ASN.1 definition, the extended RSRP range should be defined as:
RSRP-Range-v1360 ::=




INTEGER(-9..9798..114)
If the non-critical extension only covers the extended values, the extended RSRP range should be defined as:

RSRP-RangeExt-r13 ::=




INTEGER(-9..-198..114)


	NTT DOCOMO
	As mentioned in section 2.1, RSRP-Range (i.e., without suffix) is mandatory to be reported. This should be captured in the specification, so we suggest to add the following sentence indicated by bold font:
–
RSRP-Range
The IE RSRP-Range specifies the value range used in RSRP measurements and thresholds. Integer value for RSRP measurements according to mapping table in TS 36.133 [16]. A given field using RSRP-RangeExt-v13xy shall only be signalled if the corresponding original field (using RSRP-Range i.e. without suffix) is set to value 0.




3 Summary 

The following companies (6) participated in the email discussion: ZTE, Ericsson, Huawei/HiSilicon, Intel, Qualcomm, and NTT DOCOMO. 
Discussion point 1 and discussion point 2: whether extension to RSRP report mapping table is feasible? If feasible, starting from which release?
· 6 companies think that extension to RSRP report mapping table is feasible.

· 5 companies think the extension can start from Rel-13 and 1 company has no strong opinion.
Discussion point 3 and discussion point 4: whether extension to Qrxlevmin is needed? If needed, whether the proposed solution, i.e. add a delta value in the current Qrxlevmin, can solve the problem?

· 6 companies think that extension to Qrxlevmin is needed.

· 6 companies think that the proposed solution, i.e. add a delta value in the current Qrxlevmin, can solve the problem.
Other related issues:

· 1 company thinks that in MeasResultServFreq-r13 IE definition, RSRP-RangeExt is also needed for rsrpResultSCell.
· 1 company thinks that extending the RSRP value to -148 dBm (in previous version) may be not enough considering the absolute accuracy.
· 1 company wonders if there is a need to also extend the range of the RSRP-ThresholdsPrachInfoList-r13 for the random access procedure.
· 1 company thinks the actual extended values should be defined with negative integer values.
· 1 company thinks that the following restriction needs to be captured:
A given field using RSRP-RangeExt-13xy shall only be signaled if the corresponding original field (using RSRP-Range i.e. without suffix) is set to value 0.
4 Proposed way forward
Based on the outcome of the email discussion, the corresponding proposals are made.

Proposal1: extension to RSRP report mapping table is feasible.

Proposal2: extension to RSRP report mapping table is introduced from Rel-13.

Proposal3: extension to Qrxlevmin is needed.

Proposal4: the proposed solution i.e. add a delta value in the current Qrxlevmin, can solve the problem.

Proposal5: an LS is sent to RAN4 to inform RAN2 agreements.
The CRs and LS related to the proposals are provided in [4-6]. 
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