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1.
Introduction

During Release 7 discussions, there was plenty of discussion on Rx diversity within RAN WG4 regarding the definition of CPICH measurements performed by the UE when multiple receive antennas are utilised. The agreement for Release 7 consisted of an approach that allowed enough flexibility such that the UE should not have worse coverage than a single receive antenna UE. 
It was agreed at that time that we would continue thinking about this for Release 8, with the aim to understand if there are ways of allowing the gains of Rx diversity at the UE to be used to effectively extend the 3G coverage perception by the UE. The aim of this paper is to consider the different aspects of such optimisations, and to propose a suitable solution. It is suggested that a similar approach is also considered for LTE.
2.
Discussion
2.1
Rationale and Release 7 status
The maximising of 3G throughput-coverage is obviously important for operators, and it is important to make sure that cell camping thresholds do not restrict the availability of the UE to acquire higher throughputs in coverage-limited scenarios.
Release 7 specifications mainly attempted to ensure that the use of multiple receive antennas would not make the 3G coverage worse. This resulted in the definitions below taken from TS25.215 (with relevant aspects highlighted in yellow):
---------------------------------------------------------------------------------------------------------------------------------------

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


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


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


-------------------------------------------------------------------------------------------------------------------------------------
2.2
Analysis and suggested optimisation
Definitions

When looking at the definitions above, the maximum measured value does not seem to be capped, and on that basis it seems to allow the layer 1 to consider the Rx diversity gain within the measured value. Of course this relies on a sensible assessment by the UE, in that it will consider an unrealistically high measured value either.

Application of measurements
· The CPICH Ec/No measurements will always be used to understand the downlink radio conditions experienced by the UE. On that basis, there is no problem in the UE using all of its reception capabilities to maximise the value of the CPICH Ec/No measurement.

· The CPICH RSCP measurement may be used to understand both the downlink and uplink channel conditions. Therefore if the UE maximises the measured value using all of its reception capabilities when the measurement is used to understand the “uplink conditions” that the UE experiences, then this may provide an optimistic result.
(Note: This issue does not need to exist purely with the use of multiple UE receive antennas, it may be that the downlink antennas has noticeably higher gain than the UE Tx antenna).

Proposal 1: One simple way of solving this issue would be to send a single bit on the downlink in both idle mode and connected mode to indicate whether the measurement is intended for “downlink” or “uplink” purposes, such that the UE can make a better assessment of how to derive the measured value for CPICH measurements. It may also be useful to signal something to the UE via GERAN, for the case where it would like to use multiple receive antennas to measure UTRAN cells.
Testing
It is felt that there is no impact on current tests. Although if absolute CPICH measurement accuracy were verified within the RAN5 tests, then it may be necessary to allow a looser higher limit to the accuracy to allow for a more optimistic measurement. However, given that this seems to be allowed in Release 7, this is nothing new.

Proposal 2: For future conducted testing, it should be considered that the UE may provide measured values greater than the linear average. 
2.3
Consideration for LTE
In LTE we still have not agreed whether the performing of RS measurements with at least 2 antenna branches is mandatory in all states. This probably needs further consideration. However it would seem that the approach suggested in section 2.2 could be used for LTE as well. However the “RSRQ” and “E-UTRA carrier RSSI” measurements would first need to be updated in TS36.214 to align with the UTRA UE measurement definitions in section 2.1.
Proposal 3: Consider the approach in section 2.2 for LTE also.
4
Proposal

Vodafone propose for the proposals 1, 2, and 3 in this document to be discussed further, and that RAN4 endorse some way forward on this by the end of the meeting.
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