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1. Introduction.

R&S took the task to consolidate TS 34.121 with respect to RX diversity. Clause 8 is not yet investigated. In particular clause 8.7 (UE) Measurement performance requirements seems to be critical with respect to RX diversity.
2. Summary

· Principles of RX diversity are illustrated

· A cross reference table, connecting tests in clause 8.7 with the applicable statements from the core specifications is generated.

· Core specifications with statements about RX diversity are quoted and discussed.
· Problems for measurement technology are identified
· We show, that 25.141 avoids such problems

3.  Principles of RX diversity

[image: image1]
Observation: S/N and signal levels after combining are implementation dependent. The specification does not give guidelines for implementation.
4. Cross reference table
	Test in TS 34.121 clause 8.7
	Applicable core spec: 25.215 clause….
	RX diversity relevance
	comment

	8.7
Measurements Performance Requirements
	
	
	

	8.7.1
CPICH RSCP
	
	
	

	8.7.1.1
Intra frequency measurements accuracy
	
	
	

	8.7.1.1.1
Absolute accuracy requirement
	5.1.1
CPICH RSCP
	Y!
	Code Power is reported

	8.7.1.1.2
Relative accuracy requirement
	5.1.1
CPICH RSCP
	Y?
	Ratio of code powers

	8.7.1.2
Inter frequency measurement accuracy
	
	
	

	8.7.1.2.1
Relative accuracy requirement
	5.1.1
CPICH RSCP
	Y?
	Ratio of code powers

	8.7.2
CPICH Ec/Io
	
	
	

	8.7.2.1
Intra frequency measurements accuracy
	
	
	

	8.7.2.1.1
Absolute accuracy requirement
	5.1.5
CPICH Ec/No
	Y!
	Already the absolute value is a ratio

	8.7.2.1.2
Relative accuracy requirement
	5.1.5
CPICH Ec/No
	Y?
	Ratio of a ratio

	8.7.2.2
Inter frequency measurement accuracy
	
	
	

	8.7.2.2.1
Absolute accuracy requirement (void)
	
	
	

	8.7.2.2.2
Relative accuracy requirement
	5.1.5
CPICH Ec/No
	Y?
	Ratio of a ratio

	8.7.3
UTRA Carrier RSSI
	
	
	

	8.7.3.1
Absolute measurement accuracy requirement
	5.1.3
UTRA carrier RSSI
	Y!
	Power is reported

	8.7.3.2
Relative measurement accuracy requirement
	5.1.3
UTRA carrier RSSI
	Y?
	Ratio of power is reported

	8.7.3A
GSM Carrier RSSI
	5.1.4
GSM carrier RSSI
	?
	25.215 does not mention RX diversity

	8.7.3B
Transport channel BLER
(void)
	5.1.6
Transport channel BLER
	
	

	8.7.3C
UE transmitted power (R99 and Rel-4 only)
8.7.3D
UE transmitted power (Rel-5 and later)
	5.1.7
UE transmitted power
	n
	

	8.7.4
SFN-CFN observed time difference
8.7.4.1
Intra frequency measurement requirement
8.7.4.2
Inter frequency measurement requirement
	5.1.8
SFN-CFN observed time difference
	n
	

	8.7.5
SFN-SFN observed time difference
8.7.5.1
SFN-SFN observed time difference type 1
8.7.5.2
SFN-SFN observed time difference type 2 without IPDL period active
8.7.5.3
SFN-SFN observed time difference type 2 with IPDL period active
	5.1.9
SFN-SFN observed time difference

	n
	

	8.7.6
UE Rx-Tx time difference
8.7.6.1
UE Rx-Tx time difference type 1 (Release 5 and earlier)
8.7.6.1A
UE Rx-Tx time difference type 1 (Release 6 and later)
8.7.6.2
UE Rx-Tx time difference type 2
	5.1.10
UE Rx-Tx time difference

	n
	

	8.7.7
Observed time difference to GSM cell (R99 and Rel-4 only)
	?
	n
	

	8.7.8
P-CCPCH RSCP
	
	
	

	8.7.8.1
Absolute measurement accuracy
	5.1.2
PCCPCH RSCP
	n, (TDD)
	

	8.7.9
UE Transmission Power Headroom
	5.1.15   UE transmission power headroom
	n
	

	
	Additional applicability for all tests:

25.133 Clause A.3.2
	RX diversity has influence on a subset of tests (Y!). For other tests, the influence is unclear (Y?). For additional tests RX diversity is irrelevant to the test result (n). 


5. Core spec statements 
5.1 General stimulus conditions: (25.133)

A.3
RRM test configurations

Quotation

A.3.1
UE with single antenna connector

For testing a UE with a single UTRA antenna connector, the test configuration is fully described in sections A.4 to A.9

A.3.2
UE with multiple antenna connectors

For testing a UE with multiple UTRA receive diversity antenna connectors, test signals from each cell in section A.4 to A.9  shall be generated with independent fading (fading applicable to test cases A.8.1.4, A.8.1.5, A.8.1.6, A.8.2.2 and A.8.2.3 only) and applied to each antenna port. For each carrier frequency specified in the testcase, independent noise shall be generated and applied to each antenna port.

The received power spectral density at each antenna connector n, denoted as Îor,n shall be the same as  to the received power spectal density Îor specified for testing a UE with a single antenna connector. The noise spectral density at each antenna connector n, denoted as Ioc, n shall be the same as the noise spectral density Ioc specified for testing a UE with a single antenna connector.
Discussion
The UE with RX diversity receives in sum at both antennas:

Noise: Sum of both AWGN powers.

Signal: The power, received in sum at both antennas is the sum of both powers. This is true at the reference points (antenna connectors). It depends on the implementation, if phase shift between the signals influence the received power after UE-internal combination.
The statements about fading do not apply here.  
5.2 Definition of the measurement parameters (25.215)

5.1.1
CPICH RSCP

	Definition
	Received Signal Code Power, the received power on one code measured on the Primary CPICH. The reference point for the RSCP shall be the antenna connector of the UE. If Tx diversity is applied on the Primary CPICH the received code power from each antenna shall be separately measured and summed together in [W] to a total received code power on the Primary CPICH. If receiver diversity is in use by the UE, the measured CPICH RSCP value shall not be lower than the corresponding CPICH RSCP of any of the individual receive antenna branches.

	Applicable for
	Idle,

URA_PCH intra, URA_PCH inter,

CELL_PCH intra, CELL_PCH inter,

CELL_FACH intra, CELL_FACH inter,

CELL_DCH intra, CELL_DCH inter


Discussion: 

A code power in Watt (or dBm) is measured by the UE at each antenna branch. The results are combined in an unknown way and mapped to report values. This is accessible to the SS

An equivalent statement of the yellow statement in 5.1.1 is:

If receiver diversity is in use by the UE 

the measured CPICH RSCP value ≥ CPICH RSCP of  receive antenna 1

                                                        and 

the measured CPICH RSCP value  ≥  CPICH RSCP of  receive antenna 2

Another equivalent is:

…the measured CPICH RSCP value  ≥   max (CPICH RSCP of  receive antenna 1 and antenna 2)

Consequence for measurement technology:
The reported value is compared against an interval of values.
The centre of the interval represents the nominal CPICH RSCP at one antenna port
The boarders of the interval include the  UE accuracy and the  setting test tolerance and rounding.

The SS feeds equal signals into each antenna port.

According to the statement the check against the lower limit is the check against the nominal power at one antenna port minus UE measurement accuracy, minus setting TT, minus rounding. 

According to the statement, the check against the upper limit is undefined.  A fail above the upper limit is justified for the single antenna test but not for the RX diversity test because of the “>” sign.
5.1.3
UTRA carrier RSSI

	Definition
	The received wide band power, including thermal noise and noise generated in the receiver, within the bandwidth defined by the receiver pulse shaping filter. The reference point for the measurement shall be the antenna connector of the UE. If receiver diversity is in use by the UE, the measured UTRA carrier RSSI value shall not be lower than the corresponding UTRA carrier RSSI of any of the individual receive antenna branches.

	Applicable for
	CELL_DCH intra, CELL_DCH inter


Discussion: 

A power in Watt (or dBm) is measured by the UE at each antenna branch. The results are combined in an unknown way and mapped to report values. This is accessible to the SS

An equivalent statement of the yellow statement in 5.1.3 is:

If receiver diversity is in use by the UE 

the measured UTRA carrier RSSI value ≥  UTRA carrier RSSI of  receive antenna 1

                                                        and 

the measured UTRA carrier RSSI value  ≥  UTRA carrier RSSI of  receive antenna 2

Another equivalent is:

…the measured UTRA carrier RSSI value  ≥   max (UTRA carrier RSSI of  receive antenna 1 and antenna 2)

Consequence for measurement technology:

The reported value is compared against an interval of values.
The centre of the interval represents the nominal UTRA carrier RSSI  at one antenna port
The boarders of the interval include the  UE accuracy and the  setting test tolerance and rounding.

The SS feeds equal signals into each antenna port.

According to the statement the check against the lower limit is the check against the nominal UTRA carrier RSSI at one antenna port minus UE measurement accuracy, minus setting TT, minus rounding. 

According to the statement, the check against the upper limit is undefined.  A fail above the upper limit is justified for the single antenna test but not for the RX diversity test because of the “>” sign.

5.1.4
GSM carrier RSSI

	Definition
	Received Signal Strength Indicator, the wide-band received power within the relevant channel bandwidth. Measurement shall be performed on a GSM BCCH carrier. The reference point for the RSSI shall be the antenna connector of the UE.

	Applicable for
	Idle,

URA_PCH inter-RAT

CELL_PCH inter-RAT

CELL_FACH inter-RAT

CELL_DCH inter-RAT


Discussion: while 5.1.1 and 5.1.3 generate specific definitions for Single antenna and RX diversity reception 5.1.4 does not, although the equivalent test can be performed with RX diversity and a specific definition seems necessary. 

5.1.5
CPICH Ec/No

	Definition
	The received energy per chip divided by the power density in the band. If receiver diversity is not in use by the UE, the CPICH Ec/No is identical to CPICH RSCP/UTRA Carrier RSSI. Measurement shall be performed on the Primary CPICH. The reference point for the CPICH Ec/No shall be the antenna connector of the UE. If Tx diversity is applied on the Primary CPICH the received energy per chip (Ec) from each antenna shall be separately measured and summed together in [Ws] to a total received chip energy per chip on the Primary CPICH, before calculating the Ec/No. If receiver diversity is in use by the UE the measured CPICH Ec/No value shall not be lower than the corresponding CPICH RSCPi/UTRA Carrier RSSIi of receive antenna branch i.

	Applicable for
	Idle,

URA_PCH intra, URA_PCH inter,

CELL_PCH intra, CELL_PCH inter,

CELL_FACH intra, CELL_FACH inter,

CELL_DCH intra, CELL_DCH inter


Discussion: 

A ratio (CPICH RSCPi/UTRA Carrier RSSIi ) is measured by the UE at each antenna branch. The results are combined in an unknown way and mapped to report values. This is accessible to the SS

An equivalent statement of the yellow statement in 5.1.5 is:

If receiver diversity is in use by the UE 

the measured CPICH Ec/No value ≥  CPICH RSCP1/UTRA Carrier RSSI1 

                                                        and 

the measured CPICH Ec/No value  ≥  CPICH RSCP2/UTRA Carrier RSSI2 
Another equivalent is:

…the measured CPICH Ec/No value  ≥   max (CPICH RSCPi/UTRA Carrier RSSIi  i= 1,2)
Consequence for measurement technology:

The reported value is compared against an interval of values.
The centre of the interval represents the nominal CPICH Ec/No value  at one antenna port
The boarders of the interval include the  UE accuracy and the  setting test tolerance and rounding.

The SS feeds equal signals (and equal ratios CPICH Ec/No)  into each antenna port.

According to the statement the check against the lower limit is the check against the nominal CPICH Ec/No value at one antenna port minus UE measurement accuracy, minus setting TT, minus rounding. 

According to the statement, the check against the upper limit is undefined.  A fail above the upper limit is justified for the single antenna test but not for the RX diversity test because of the “>” sign.

6. Problems for measurement technology
6.1 When a power is measured (code power or physical power) the definition of the lower test limit is  highly meaningful for RX diversity.  An extended upper test limit is meaningful, as the UE receives more power, than in the single antenna case. A UE taking into account the additional power in its report, could be failed, when the upper test limit remains unchanged in the RX diversity  test. However the unlimited upper limit is an error in the definition.
6.2 In most of the tests a ratio is measured.

1.   There is one test, where the UE report already the ratio. (CPICH Ec/No)
2. There are other tests, where the SS calculates a ratio from two measurements.

In both cases the definition of the lower test limit is meaningful for RX diversity. 

An extended upper test limit may be meaningful for (1.), because of signal in the nominator and a noise contribution in the denominator. 

An extended upper test limit is meaningless for (2.). 

In any case, the unlimited upper limit is an error in the definition.

6.3 The definition of GSM carrier RSSI for RX diversity is missing.
7. BS test

The situation is much clearer in the BS test.

There is a statement in 25.141 clause 4.6.1
Receiver diversity:

For the tests in clause 7 of the present document, the specified test signals shall be applied to one receiver antenna connector, with the remaining receivers are disabled or their antenna connectors being terminated. 
This statement avoids the above mentioned problem, when the RX diversity receiver adds up power from both branches, partly or completely.

There is another statement in 4.6.5 BS using antenna arrays:
A BS may be configured with a multiple antenna port …..
4.6.5.1
Receiver tests

For each test, the test signals applied to the receiver antenna connectors shall be such that the sum of the powers of the signals applied equals the power of the test signal(s) specified in the test.
This statement takes into account the case of summing up power from both receiver branches.
8. Proposal

R&S believe that the solution of the above mentioned problems need cooperation with RAN1 and/or RAN4.
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