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1.
Introduction

In [1] some concerns were raised on the agreed definition for CPICH measurements for UEs supporting Rx diversity. In [2] and [3] there are some proposals for how to progress a solution for the requirement that the UE supporting CPICH measurements with multiple receive antennas does not perceive worse coverage of the CPICH (and worse actual coverage of UTRA altogether) than the UE with a single receive antenna. The aim of this contribution is to comment on the previous 2 proposals and propose another way forward.
2.
Possibility for initial solution
2.1
Comments to previous proposals, and initial proposal
In [2] it is proposed that the CPICH Ec/No measurement should be based on the “best downlink antenna”, and that the CPICH RSCP measurement should be based on the diversity antenna associated with uplink transmission.

In [3] the following comments are raised, and Vodafone provides some views on each:

a) The uplink is typically employing Rx diversity, thus UL pathloss might be better represented by employing RX diversity in the CPICH RSCP measurement rather than using single antenna
Vodafone comment: If the measurement is used to understand downlink conditions however, then the case where there is gain imbalance between the two antennas would still not be solved.
b) The separation of Rx and Tx requires additional components such as duplex filter,  which are not needed in the Rx only branch which may well favour the Rx only antenna to be the ‘better’ antenna
Vodafone comment: This is no different to the case with single antenna UEs today. 
c) Optimisation of a dual RX/TX antenna to maximise its performance on the TX band may reduce its performance on the RX band. Similarly to b) this may favour the Rx only antenna to be the ‘better’ antenna. In this scenario, the gain of the RX only antenna may be comparable to the TX gain.
Vodafone comment: Therefore it would seem that using the “best” downlink antenna would be suitable to solve this problem.
d) The proposed RSCP definition precludes any implementation where there is a separate antenna for TX in addition to 2 RX antennae.
Vodafone comment: This is true for the RSCP case. However for the CPICH Ec/No proposal would seem to be a valid solution.
2.2
Conclusions
For CPICH Ec/No measurement, Vodafone believes that the solution suggested in [2] would be reasonable, and more able to cope with the case where there is downlink antenna gain imbalance than the solution in [3].

For CPICH RSCP, the fundamental issue is that the UE does not know whether the measurement is intended to be used for understanding “uplink” or “downlink” pathloss. The solution proposed in [2] may indeed not be suitable a UE utilising different Tx and Rx antennas (even though Vodafone wonders whether such an design would be applied in practice). On the other hand, if the measurement is used for understanding e.g. the “downlink” pathloss, then the proposal in [3] is too conservative in the case where there is gain imbalance between the 2 downlink antennas.
Therefore it would seem that the best solution that would not degrade the Rx diversity UE performance relative to that of a single antenna UE would seem to be to utilise the “best” downlink antenna for both the CPICH Ec/No and the CPICH RSCP measurements.

For UTRA carrier RSSI, it is suggested that the above definition is followed.

2.3 Suggested modifications
The modifications to TS25.215 based on the proposal in section 2.2 are reflected below.
-------------------------------------------------------------------------------------------------------------------------------------------
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 reported value shall be equivalent to the maximum of received code power of all diversity branches measured separately.

	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 reported value shall be equivalent to the maximum of the power values of all diversity branches measured separately.

	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. 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 reported value shall be equivalent to the maximum of the received Primary CPICH energy per chip (Ec) of all diversity branches measured separately. For No, the maximum of the power density values in the band of each diversity branch separately shall be used for calculating the Ec/No.

	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


-------------------------------------------------------------------------------------------------------------------------------------
3.
Further optimisation that would allow extended 3G coverage for Rx diversity UE
3.1
Possibilities to maximise UTRA coverage

Whilst the proposal in section 2 may be a “quick fix” for ensuring that we have a definition for CPICH measurements for Rx diversity UEs, it still does not allow the UE to take advantage of the fact that it implements Rx diversity in a way that improves its UTRA coverage. It is very important for operators to maximise the coverage footprint of UTRA. The use of Rx diversity seems to be the only proposed way so far to ensure that the UE can maximise its UTRA coverage before falling back to 2G. However, the measurement definitions in section 2 (and use of existing parameterisation) do not seem to really to allow the UE to take maximum benefit of this, and still it is likely that the UE will either be handed over to 2G or re-select to 2G when actually it could still receive reasonable downlink service from UTRA.
Therefore it would be beneficial if some further enhancements to the UE measurement definitions (and parameterisation) were eventually made for Rx diversity UEs. The rest of this section goes on to discuss requirements and the potential solution for such enhanced UE measurement definitions.

3.2
Some principle requirements
1) Downlink or uplink limitation?
The question over whether the cell is downlink or uplink limited is subjective to the operator planning in the end. In the case that the Rx diversity UE is limited by its ability to achieve uplink desired throughput vs. coverage in a cell BEFORE a limitation in desired downlink throughput vs. coverage, then it is understood that the UE supporting Rx diversity will not actually get a UTRA coverage gain over the UE with only a single Rx antenna. Hence any enhancements should not cause problems for such a cell configuration.
2) Usefulness of utilising Rx diversity gain for CPICH measurements
The ability to use CPICH measurements to improve downlink coverage of UTRA is only useful if the UE is also configured to measure the common channels with receive diversity.  For example, if the UE can decode the broadcast channel and the CPICH with Rx diversity (depicting that the cell meets the S-criteria and is “suitable”), but decides not to measure PICH, PCH, and FACH with Rx diversity, then the UE may find itself camped on a cell, but not able to successfully setup an RRC connection or receive paging. If this were the case, it would be better if the UE were not in UTRA coverage at all. Therefore any optimisation to allow the UE to experience better coverage of the CPICH should also be able to rely on the fact that the UE can receive PICH, PCH and FACH also with Rx diversity.
3) Ability for the Rx diversity UE to re-select from GSM to UTRA in optimal fashion 
For the UE meeting the requirement in point 2, this improvement in downlink UTRA coverage should also be observed when the UE is camped on GSM.
4) Ability to cope with legacy UEs 
Clearly there would be a need to cope with legacy UEs, and therefore any optimisations should allow for legacy UEs to be handled with without any degradation in handover or cell re-selection performance. For example, any further enhanced UE measurement definition and associated parameterisation would need to co-exist with any non-Rx diversity UEs and Rx diversity UEs supporting any previous UE measurement definition, for all RRC states.
5) Ability to cope with the case where the “desired cell coverage” is limited in the uplink direction 

If the cell were planned such that the desired throughput vs. coverage limitation is in uplink rather than downlink, it would seem desirable that UE measurement definitions are in place such that the UE is able to report (CELL_DCH) or make cell selection/re-selection decisions (non CELL_DCH) from the perspective of the uplink conditions. 
Note: It may be desirable to enable this even to optimise measurements for the single antenna UE, if it is felt that the scenario of using different DL and UL antennas is of practical relevance. 

3.3
Possible approach
Vodafone feel that the following changes to the specifications would meet the requirements in section 3.2, and should be considered:

· New measurement definitions:
· A new measurement definition related to UE measurements (CPICH RSCP, CPICH Ec/No, UTRA RSSI), such that the UE that is able to receive all common channels with multiple receive antennas, can perform a measurement that is more inline with the actual downlink channel conditions observed with multiple receive antennas (e.g. possibly the CPICH or UTRA RSSI measurements as a “sum” of all receive branches could be considered).

· Possibly a new measurement definition related to UE measurements (CPICH RSCP, CPICH Ec/No, UTRA RSSI), such that the UE can perform a measurement that is more inline with the actual uplink channel conditions.
· For CELL_DCH: 

· New measurement events relating to the new measurement definition(s).
· For non-CELL_DCH states:

· The ability to configure the broadcast channel such that measurement and cell selection/re-selection parameters (e.g. Qrxlevmin, SinterRATsearch) can be configured based on the utilisation of the new measurement definition(s). 
· For UEs camped on GSM:

· The ability to configure the broadcast channel such that measurement and 2G to 3G cell selection/re-selection parameters can be configured based on the utilisation of the new measurement definition(s).

· The ability for the UE to report to the GSM network that it supports the new measurement definition(s), such that the BSS can configure the UE with such a measurement configuration and events, and receive measurement reports corresponding to this.

4.
Final conclusions and proposal
In section 2, Vodafone has discussed a solution that could be seen as a “simple but still sub-optimal” solution to measurement definitions for UEs with multiple receive antennas. 
In section 3, Vodafone has proposed a further enhancement that would allow the UE to perform a more accurate measurement of the actual conditions observed when utilising multiple receive branches.

It is proposed that if the requirements in section 3.2 are seen as to complex to agree a solution (e.g. the one in section 3.3) on for early 3GPP Releases, then the proposal and changes in section 2 should be agreed. In that case, a solution for the requirements in section 3.2 should be further progressed for the earliest 3GPP release that is felt achievable.
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