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1 Introduction
Required change to related technical specifications [1] has been summarized and agreed in the RAN4 #55 meeting.  In this document, a few additional related changes to the RRM specifications 36.133 are identified. This contribution  analyzes the required changes for  introducing US 2.6GHz in 36.133. 
2 Discussion 
In [1], the required changes to [2] are summarized in Table 6.5-1. A few additional related changes to TS 36.133 have been identified during further study. Table 1 below captures the required changes to TS 36.133, including the newly identified ones. 
	Section
	Description
	Required Changes in TS 36.133

	4.2.2.3
	Measurement of intra-frequency E-UTRAN cells
	RSRP and SCH_RP thresholds to decide whether an intra frequency cell is considered detectable. It's proposed to evaluate the appropriate RSRP and SCH_RP requirements for determining whether an intra frequency E-UTRAN cell is detectable for Band [41].

	4.2.2.4
	Measurement of inter-frequency E-UTRAN cells
	RSRP and SCH_RP thresholds to decide whether an inter frequency cell is considered detectable. It's proposed to evaluate the appropriate RSRP and SCH_RP requirements for determining whether an inter frequency E-UTRAN cell is detectable for Band [41].

	8.1.2.2.2.1
	E-UTRAN intra frequency measurements when no DRX is used
	It's proposed to evaluate the appropriate RSRP and SCH_RP requirements for determining whether an intra frequency TDD E-UTRAN cell is detectable when no DRX is used for Band [41]. 

	8.1.2.2.2.2
	E-UTRAN intra frequency measurements when DRX is used
	It's proposed to evaluate the appropriate RSRP and SCH_RP requirements for determining whether an intra frequency TDD E-UTRAN cell is detectable when DRX is used for Band [41].

	8.1.2.2.4
	E-UTRAN TDD intra frequency measurements with autonomous gaps
	RSRP and SCH_RP thresholds to decide whether an TDD intra frequency cell is considered detectable when  identifying a new CGI of E-UTRA cell in BAND [41]

	8.1.2.3.2.1
	E-UTRAN TDD-TDD inter frequency measurements when no DRX is used
	It's proposed to evaluate the appropriate RSRP and SCH_RP requirements for determining whether an inter frequency TDD E-UTRAN cell is detectable when no DRX is used for Band [41]. 

	8.1.2.3.2.2
	E-UTRAN TDD-TDD inter frequency measurements when DRX is used
	It's proposed to evaluate the appropriate RSRP and SCH_RP requirements for determining whether an inter frequency TDD E-UTRAN cell is detectable when DRX is used for Band [41].

	8.1.2.3.7
	E-UTRAN TDD-TDD inter frequency measurements with autonomous gaps
	RSRP and SCH_RP thresholds to decide whether an TDD intra frequency cell is considered detectable when  identifying a new CGI of E-UTRA cell in BAND [41]

	8.1.2.5.2
	E-UTRAN TDD Intra-Frequency OTDOA Measurements
	PRP threshold in BAND [41]

	8.1.2.6.3
	E-UTRAN TDD-TDD Inter-Frequency OTDOA Measurements
	PRP threshold in BAND [41]

	9.1.2.1
	Absolute RSRP Accuracy
	It's proposed to evaluate the appropriate RSRP intra frequency absolute accuracy for Band [41] in the text and Table 9.1.2.1-1. 

	9.1.2.2
	Relative Accuracy of RSRP
	It's proposed to evaluate the appropriate RSRP intra frequency relative accuracy for Band [41] in the text and Table 9.1.2.2-1. 

	9.1.3.1
	Absolute RSRP Accuracy
	It's proposed to evaluate the appropriate RSRP inter frequency absolute accuracy for Band [41] in the text and Table 9.1.3.1-1. 

	9.1.3.2
	Relative Accuracy of RSRP
	It's proposed to evaluate the appropriate RSRP inter frequency relative accuracy for Band 41 in the text and Table 9.1.3.2-1. 

	9.1.5.1
	Absolute RSRQ Accuracy
	It's proposed to evaluate the appropriate RSRQ intra frequency absolute accuracy for Band [41] in the text and Table 9.1.5.1-1.

	9.1.6.1
	Absolute RSRQ Accuracy
	It's proposed to evaluate the appropriate RSRQ inter frequency absolute accuracy for Band 41 in the text and Table 9.1.6.1-1.

	9.1.6.2
	Relative Accuracy of RSRQ
	It's proposed to evaluate the appropriate RSRQ inter frequency relative accuracy for Band [41] in the text and Table 9.1.6.2-1.

	9.1.9
	UE Rx – Tx time difference
	RSRP and Io side condition in BAND [41]

	9.1.10
	Reference Signal Time Difference (RSTD)
	RSRP and Io side condition in BAND [41]

	A.9.1.2.2
	Test parameters
	Band [41] is expected to be added to Bands defined for the rows of 
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, RSRP, Io in Table A.9.1.2.2-1.

	A.9.1.4.2
	Test parameters
	Band [41] is expected to be added to Bands defined for the rows of 
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, RSRP, Io in Table A.9.1.4.2-1.

	A.9.2.2.2
	Test parameters
	Band [41] is expected to be added to Bands defined for the rows of 
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, RSRP, Io in Table A.9.2.2.2-1.

	A.9.2.4.2
	Test parameters
	Band [41] is expected to be added to Bands defined for the rows of 
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, RSRP, Io in Table A.9.2.4.2-1.


Table 1 Required changes to TS 36.133

In above table, the related changes can be summarized into the following four categories:

- RSRP and SCH_RP threshold to decide whether a cell is considered detectable 

- PRP threshold to decide whether the UE physical layer shall be capable of reporting RSTD for positioning 
- Side conditions for relative and absolute RSRP/RSRQ accuracy

- Introduction of US 2.6GHz band as test parameters for RSRP/RSRQ accuracy requirement test cases. 

RSRP and SCH_RP
The minimum level of RSRP and SCH_RP of certain cell to be considered as detectable can be derived from RSRP/SCH 
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level and band specific UE receiver sensitivity. In E-UTRAN, such band specific UE RF receiver sensitivity defined in 36.101 is determined by the theoretical thermal noise floor, receiver noise figure and implementation margin plus SINR requirement to achieve reference throughput as the following:

REFSENS = kTB+NF+SINR+IM-3 (dBm)

where, 

kTB:   thermal noise in dBm, In E-UTRAN, noise bandwidth  is specified as RB size 
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 180KHz
NF:     noise figure for the receiver, 9dB is assumed in E-UTRAN requirement. 
SINR: SINR for chosen modulation and coding scheme of the specified reference measurement channel to achieve 95% of maximum throughput, In E_UTRAN 36.101 minimal requirement, QPSK is adapted as modulation scheme. 
IM:     implementation margin including the transmitter noise. In E-UTRAN, 1,2 and 3dB for duplexer distance/band gap>1.5,2 and 4 respectively is used to derive the REFSENS for FDD bands[3]. 
3dB:   diversity gain

Unlike FDD’s band specific implementation margin caused by different Tx noise as a result of band specific Rx-Tx duplexer isolation [4], the implementation margin for TDD bands would be the same for all bands, which is also current implementation margin assumption to define receiver sensitivity requirement in specifications 36.101. Therefore, thanks to the same theoretical thermal noise floor and receiver noise figure, the band agnostic implementation margin results in the same UE RF receiver sensitivity in same bandwidth for all TDD bands.
PRP

The minimum level of PRP can be derived from PRS (Ês/Iot)ref level and band specific UE receiver sensitivity. It is determined similar to that for RSRP and SCH_RP. Thus the same PRP minimum requirement as other TDD bands is also applicable to US TDD 2.6GHz band
Proposal 1: The same RSRP/SCH_RP minimum requirement as other TDD bands for certain cell considered as detectable is applicable to US TDD 2.6GHz band. 
Proposal 2: The same PRP minimum requirement as other TDD bands for UE to report RSTD for positioning is applicable to US 2.6GHz band. 

Relative and Absolute RSRP/RSRQ accuracy  side condition
In E-UTRAN, the side conditions of RSRP/RSRQ measurement accuracy are defined as RSRP and IO level. Regarding to the RSRP side conditions, as aforementioned, US 2.6GHz TDD band has no additional requirement compared to other TDD bands in terms of receiver sensitivity. Therefore, the existing RSRP side conditions for TDD bands are applicable for US 2.6GHz band as well. Regarding to IO level, as in [5], Io conditions for US 2.6GHz band are also the same as other TDD bands. 
Proposal 3: The same RSRP and IO side conditions as other TDD bands for RSRP/RSRQ absolute and relative accuracy are applicable for US 2.6GHz TDD band.
Test Parameters
If the proposal 2 is accepted, US 2.6GHz band can also be introduced as applicable band for test parameters NOC, RSRP and IO in RSRP/RSRQ measurement accuracy test cases. 

Proposal 4: Add US 2.6GHz band as an applicable band in the test parameters NOC, RSRP and IO in TS36.133 section A9.1.2.2 A9.1.4.2 A9.2.2.2 A9.2.4.2

3 Conclusion
This paper concludes that US 2.6GHz TDD band is the same as other TDD band in terms of the following aspects:

- RSRP and SCH_RP threshold to decide whether a cell is considered detectable, 

- Side conditions for relative and absolute RSRP/RSRQ accuracy.
Thus, the following proposals are presented for approval:

Proposal 1: The same RSRP/SCH_RP minimum requirement as other TDD bands for certain cell considered as detectable is applicable in US 2.6GHz band. 
Proposal 2: The same PRP minimum requirement as other TDD bands for UE to report RSTD is applicable to US 2.6GHz band.

Proposal 3: The same RSRP and IO side conditions as other TDD band for RSRP/RSRQ absolute and relative accuracy for US 2.6GHz band are applicable 
Proposal 4: Add US 2.6GHz band as an applicable band in the test parameters NOC, RSRP and IO in TS36.133 section A9.1.2.2 A9.1.4.2 A9.2.2.2 A9.2.4.2.
If the above proposals are agreed in RAN4, the relevant change requests will be prepared, corresponding to the foreseen changes to RRM specification 36.133 as outlined in Table 1.
It is also proposed that the attached TP be adopted into the TR into to capture the required changes on RRM aspects that will eventually need to be made to TS36.133. 
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5.4 Specific UE RRM requirements
The relevant changes to be made to TS 36.133 on RRM can be summarized into the following four categories:

- RSRP and SCH_RP threshold to decide whether a cell is considered detectable
- PRP threshold to decide whether the UE physical layer shall be capable of reporting RSTD for positioning
- Side conditions for relative and absolute RSRP/RSRQ accuracy

- Introduction of US 2.6GHz band as test parameters for RSRP/RSRQ accuracy requirement test cases. 
The minimum level of RSRP and SCH_RP of certain cell to be considered as detectable can be derived from RSRP/SCH 
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level and band specific UE receiver sensitivity. In E-UTRAN, such band specific UE RF receiver sensitivity defined in 36.101 is determined by the theoretical thermal noise floor, receiver noise figure and implementation margin plus SINR requirement to achieve reference throughput [8]. Unlike FDD’s band specific implementation margin caused by different Tx noise as a result of band specific Rx-Tx duplexer isolation [9], the implementation margin for TDD band is the same for all bands, which is also the current implementation margin assumption to define receiver sensitivity requirement in specifications 36.101. Therefore, thanks to the same theoretical thermal noise floor and receiver noise figure, the band agnostic implementation margin results in the same UE RF receiver sensitivity for all TDD bands. In conclusion, the same RSRP/SCH_RP minimum requirement as other TDD bands for certain cell considered as detectable is applicable to US TDD 2.6GHz band.
The minimum level of PRP can be derived from PRS (Ês/Iot)ref level and band specific UE receiver sensitivity. It is determined similar to that for RSRP and SCH_RP. Thus the same PRP minimum requirement as other TDD bands is also applicable to US TDD 2.6GHz band.
The side conditions of RSRP/RSRQ measurement accuracy are defined as RSRP and IO level in E-UTRAN. Regarding to the RSRP side conditions, as aforementioned, US 2.6GHz TDD band has no additional requirement compared to other TDD bands in terms of receiver sensitivity. Therefore, the existing RSRP side conditions for TDD bands is applicable for US 2.6GHz band as well. Regarding to IO level, as in [10], Io conditions for US 2.6GHz band is also the same as other TDD bands. Thus, the same RSRP and IO side conditions as other TDD bands for RSRP/RSRQ absolute and relative accuracy are applicable for US 2.6GHz TDD band.

Regarding to test parameters, since RSRP and IO side conditions are the same as other TDD Band for RSRP/RSRQ absolute and relative accuracy, US 2.6GHz band can also be introduced as an applicable band for test parameters NOC, RSRP and IO in RSRP/RSRQ measurement accuracy test cases. As a result, US 2.6GHz band is added as an applicable band in the test parameters NOC, RSRP and IO in TS36.133 section A9.1.2.2, A9.1.4.2 and A9.2.4.2. 
6.5
Required changes to TS36.133

Required changes in BS test specification TS 36.133 are shown in Table 6.5-1.

Table 6.5-1: Required changes in TS 36.133

	Section
	Description
	Required Changes in TS 36.133

	4.2.2.3
	Measurement of intra-frequency E-UTRAN cells
	RSRP and SCH_RP thresholds to decide whether an intra frequency cell is considered detectable. It's proposed to evaluate the appropriate RSRP and SCH_RP requirements for determining whether an intra frequency E-UTRAN cell is detectable for Band [41].

	4.2.2.4
	Measurement of inter-frequency E-UTRAN cells
	RSRP and SCH_RP thresholds to decide whether an inter frequency cell is considered detectable. It's proposed to evaluate the appropriate RSRP and SCH_RP requirements for determining whether an inter frequency E-UTRAN cell is detectable for Band [41].

	8.1.2.2.2.1
	E-UTRAN intra frequency measurements when no DRX is used
	It's proposed to evaluate the appropriate RSRP and SCH_RP requirements for determining whether an intra frequency TDD E-UTRAN cell is detectable when no DRX is used for Band [41]. 

	8.1.2.2.2.2
	E-UTRAN intra frequency measurements when DRX is used
	It's proposed to evaluate the appropriate RSRP and SCH_RP requirements for determining whether an intra frequency TDD E-UTRAN cell is detectable when DRX is used for Band [41].

	8.1.2.2.4
	E-UTRAN TDD intra frequency measurements with autonomous gaps
	RSRP and SCH_RP thresholds to decide whether an TDD intra frequency cell is considered detectable when  identifying a new CGI of E-UTRA cell in BAND [41]

	8.1.2.3.2.1
	E-UTRAN TDD-TDD inter frequency measurements when no DRX is used
	It's proposed to evaluate the appropriate RSRP and SCH_RP requirements for determining whether an inter frequency TDD E-UTRAN cell is detectable when no DRX is used for Band [41]. 

	8.1.2.3.2.2
	E-UTRAN TDD-TDD inter frequency measurements when DRX is used
	It's proposed to evaluate the appropriate RSRP and SCH_RP requirements for determining whether an inter frequency TDD E-UTRAN cell is detectable when DRX is used for Band [41].

	8.1.2.3.7
	E-UTRAN TDD-TDD inter frequency measurements with autonomous gaps
	RSRP and SCH_RP thresholds to decide whether an TDD intra frequency cell is considered detectable when  identifying a new CGI of E-UTRA cell in BAND [41]

	8.1.2.5.2
	E-UTRAN TDD Intra-Frequency OTDOA Measurements
	PRP threshold in BAND [41]

	8.1.2.6.3
	E-UTRAN TDD-TDD Inter-Frequency OTDOA Measurements
	PRP threshold in BAND [41]

	9.1.2.1
	Absolute RSRP Accuracy
	It's proposed to evaluate the appropriate RSRP intra frequency absolute accuracy for Band [41] in the text and Table 9.1.2.1-1. 

	9.1.2.2
	Relative Accuracy of RSRP
	It's proposed to evaluate the appropriate RSRP intra frequency relative accuracy for Band [41] in the text and Table 9.1.2.2-1. 

	9.1.3.1
	Absolute RSRP Accuracy
	It's proposed to evaluate the appropriate RSRP inter frequency absolute accuracy for Band [41] in the text and Table 9.1.3.1-1. 

	9.1.3.2
	Relative Accuracy of RSRP
	It's proposed to evaluate the appropriate RSRP inter frequency relative accuracy for Band [41] in the text and Table 9.1.3.2-1. 

	9.1.5.1
	Absolute RSRQ Accuracy
	It's proposed to evaluate the appropriate RSRQ intra frequency absolute accuracy for Band [41] in the text and Table 9.1.5.1-1.

	9.1.6.1
	Absolute RSRQ Accuracy
	It's proposed to evaluate the appropriate RSRQ inter frequency absolute accuracy for Band [41] in the text and Table 9.1.6.1-1.

	9.1.6.2
	Relative Accuracy of RSRQ
	It's proposed to evaluate the appropriate RSRQ inter frequency relative accuracy for Band [41] in the text and Table 9.1.6.2-1.

	9.1.9
	UE Rx – Tx time difference
	RSRP and Io side condition in BAND [41]

	9.1.10
	Reference Signal Time Difference (RSTD)
	RSRP and Io side condition in BAND [41]

	A.9.1.2.2
	Test parameters
	Band [41] is expected to be added to Bands defined for the rows of 
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, RSRP, Io in Table A.9.1.2.2-1.

	A.9.1.4.2
	Test parameters
	Band [41] is expected to be added to Bands defined for the rows of 
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, RSRP, Io in Table A.9.1.4.2-1.

	A.9.2.2.2
	Test parameters
	Band [41] is expected to be added to Bands defined for the rows of 
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, RSRP, Io in Table A.9.2.2.2-1.

	A.9.2.4.2
	Test parameters
	Band [41] is expected to be added to Bands defined for the rows of 
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, RSRP, Io in Table A.9.2.4.2-1.
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