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1. Background and Introduction

The topic of the definitions of RSSI and CPICH measurements when a UE has multiple antenna connectors was introduced by Nokia in a discussion paper in RAN4#41 [1]. In that paper, we noted that the test method for RRM test cases was unclear for a UE with multiple antenna connectors. As the work progressed, we gained further understanding that the fundamental difficulty related not just to the test method but to the measurement definitions. In the initial contribution [1], Nokia outlined three proposals for CPICH measurements in the case that the UE has multiple antenna connectors

1. RSSI and CPICH measurements are based on measurements from one antenna connector, designated as the primary antenna connector

2. RSSI and CPICH measurements are the linear average of measurements on the individual antenna connectors

3. RSSI and CPICH measurements are the linear sum of measurements on the individual antenna connectors.

In [1] Nokia indicated a preference for option 2 over option 3. Very shortly before the RAN1#48 and RAN4#42 meetings, offline discussions took place between interested companies, and a proposal was agreed which could be regarded  as a hybrid of the original Nokia proposal with option 2 being used for RSSI measurements, and option 3 being used for RSCP and the Ec term in Ec/No. This approach formed the basis for the 25.215 change request, which was endorsed in RAN1#48 [2].
Due to concerns raised during RAN plenary #35[3] it was finally decided by all interested parties to re-discuss the CRs in the working groups as some new aspects also relevant for network operation were also raised during the plenary  discussions. Further working  group level discussions took place in RAN1#48bis in Malta [4] and RAN1 conditionally agreed the corresponding CR [5], subject to confirmation via an LS that RAN4 considered the measurement definitions to be appropriate. The CR [5] which was conditionally approved by RAN1 corresponds to option (2) above, namely that RSSI and CPICH measurements are the linear average of measurements on the individual antenna connectors.
2. Discussion

The concerns presented in [5] are reproduced in Annex A. Since these issues have been discussed extensively in RAN#35 and in RAN1#48bis, it is not proposed to discuss them further in RAN4#43. However, there are some additional issues specifically related to RAN4 which we would like to discuss
a. General comments regarding UE advanced receivers

RAN4 has developed, or is developing, enhanced performance requirements for WCDMA based around many different areas such as receiver diversity, equalisation technology and interference mitigation. Nokia anticipates that more work may be done by RAN4 in this field in the future, and additionally notes that UE manufacturers are not precluded from devising and implementing other kinds of receiver improvements outside of the scope of RAN4 enhanced performance requirements. Thus we would see that it is undesirable to create a strong dependency between measurement definitions and UE receiver implementation. 
Nevertheless, we see that UEs with multiple antenna connectors are something of a special case, because there are different ways in which the individual CPICH measurements could be combined, and some special measurement definitions are required, both to make sure that different UE implementations are consistent in their approach to measurement combining, and also to ensure the testability of the RRM requirements.

However, since it is anticipated that for other kinds of receiver enhancement, there will not be a corresponding “enhanced” measurement definition, we believe that it is not appropriate to define a generally different approach for UEs supporting receive diversity and that the measurement reports should not be boosted to try to reflect the actual diversity performance, especially because, as noted in [4] there are many uses for CPICH measurements other than predicting UE receiver performance.
b. Achievable measurement accuracy

Figure 1 shows a generic implementation of measurements on a UE with multiple antenna connectors. Measurement hardware typically consists of a matched filter, which makes channel impulse response measurements (IRM), and these are post processed to provide estimates of RSCP or Ec/No. It is important to note that such channel estimation is performed on the CPICH from each antenna path independenty, and one may expect the accuracy of an undividual measurement m1, m2 to be rather comparable to the overall accuracy of measurements on a UE with a single antenna connector. 
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` Figure 1: Generic implementation of measurements on a UE with multiple antenna connectors

If we further model the individual antenna measurements m1 and m2 as consisting of a nominal measurement M1 and M2, and some measurement noise n1 and n2 and assume that n1 and n2 have a zero mean Gaussian distribution with variance σmeas,1 and σmeas,2
m1  = M1 + n1(t)

m2  = M2 + n2(t)

Then according to the function used to combine the measurements, the variance of the combined function f(m1,m2), the variance of the meaurements reported to the higher layers will depend on the chosen measurement definition. For the linear sum measurement definition
f(m1,m2) = m1+ m2 = M1 + M2 + n1(t) + n2(t)
And it is a well known result that the variance of the sum of two Gaussian distributions is equal to the sum of the variances of the individual distributions. Therefore, the overall variance of the measurements reported to the higher layers would be σmeas,1 + σmeas,2

From this, two main observations can be made
· The measurement accuracy of the individual measurements  m1 and  m2 (ie the variance of σmeas,1 and σmeas,2) is dependent on the per antenna RSCP/EcNo, rather than on the overall reported value. To give one extreme example, if the  Ec/Io on each antenna connector is -21dB, then the measurement hardware may not even be able to detect the cell on either receive path, even though the combined measurements reported to the higher layers would be of the order of -18dB Ec/Io. If linear sum measurement defintions had been accepted by RAN1, the measurement performance requirements in 25.133 would also need to have been clarified, to indicate that for UEs with multiple antenna connectors, the accuracy requirements were derived based on Ec/Io & RSCP  on a per antenna basis, rather than according to the combined value.
· The accuracy of the reported measurements will be further degraded, as compared to those that would be reported on a single antenna UE, due to the variance increasing from σmeas,1 to σmeas,1 + σmeas,2
For the linear average definitions, the situation regarding accuracy is as follows
· In the average sense, the combined  Ec/Io & RSCP, and the “per antenna” RSCP & Ec/Io are identical. Hence the accuracy requirements in 25.133 could already be applied directly to the combined values

· The variance of the combined measurements is not degraded by the summation of two error distributions.
Based on these observations regarding measurement accuracy, Nokia has the view that the linear average measurement definition would lead to considerably more accurate measurement reports.
c. Comments regarding Nokia option 1 
In the original contribution [1] which initiated this discussion, as well as the linear average and linear sum options, there was option 1
· RSSI and CPICH measurements are based on measurements from one antenna connector, designated as the primary antenna connector
In this original contribution we noted “However, it is probably worth noting that Option 1 is likely to suffer in near-static conditions compared to Option 2 as one antenna may be constantly (or at least for a long period of time) in unrepresentative conditions.”

We still have the opinion that option (1) may not be ideal in this respect when considering static or near static propagation conditions, and we note that the UE must anyway perform channel estimation on the signal from each antenna connector, so that it is able  to use that signal in the demodulation. Therefore our opinion is that it does not require significantly more effort in UE implementation to make CPICH measurements on all UE antenna connectors, and that this is generally preferable.
3. Test Methodology

Given that the linear average CR would be approved for 25.215, this section presents Nokia views on a suitable test method.

Since the magnitude of CPICH and RSSI measurements is unaffected (on average) by the linear average definition compared with a UE with a single antenna connector, we believe that the RRM testcases could be applied directly to a UE with multiple antenna connectors simply by providing the same downlink test signal on each antenna port as illustrated in figure 2 and 3. Since the UE measurements would be expected to be the same in this configuration, we also believe that there would be no need to modify any of the test signal levels, or the test requirements.
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Figure 2: Test configuration for UE with single antenna connector
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Figure 3: Test configuration for UE with dual receiver diversity
We think that such a configuration would be suitable for executing all the existing 25.133 annex A testcases. 
4. Conclusions

In this contribution, we have provided additional RAN4 considerations regarding the liaison statement from RAN1[6]. We would like to discuss further whether, in view of these considerations, the linear average measurement definition can be considered acceptable from RAN4 point of view, and RAN4 would then be able to give its approval to the conditionally approved CR[5].
Assuming that such a measurement definition is agreed, we have presented a proposal for a suitable test methodology, which is also included to RAN4#43 as a CR to 23.133 annex A for approval.
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Annex A : Concerns regarding the updated definitions of RSSI and CPICH measurements with receive diversity
The following is copied directly from R1-071389:

1.
Background

The topic of the definitions of RSSI and CPICH measurements when a UE has multiple antenna connectors was introduced by Nokia in a discussion paper in RAN4#41 [1]. In that paper, we noted that the test method for RRM test cases was unclear for a UE with multiple antenna connectors. As the work progressed, we gained further understanding that the fundamental difficulty related not just to the test method but to the measurement definitions. In the initial contribution [1], Nokia outlined three proposals for CPICH measurements in the case that the UE has multiple antenna connectors

4. RSSI and CPICH measurements are based on measurements from one antenna connector, designated as the primary antenna connector

5. RSSI and CPICH measurements are the linear average of measurements on the individual antenna connectors

6. RSSI and CPICH measurements are the linear sum of measurements on the individual antenna connectors.

In [1] Nokia indicated a preference for option 2 over option 3. Very shortly before the RAN1#48 and RAN4#42 meetings, offline discussions took place between interested companies, and a proposal was agreed which could be regarded  as a hybrid between the original Nokia proposal with option 2 being used for RSSI measurements, and option 3 being used for RSCP and the Ec term in Ec/No. This approach formed the basis for the 25.215 change request, which was endorsed in RAN1#48 [2].
Due to concerns raised during RAN plenary #35 it was finally decided by all interested parties to re-discus the CRs contained in [1] in the working groups as some new aspects also relevant for network operation were also raised during the plenary  discussions. The purpose of this document is to briefly outline the technical concerns and the aspects that lead to the decision to let further discussion take place in the working groups and not to agree on the CRs in plenary #35, and to provide discussion some additional areas of concern on the CRs which were not presented or discussed in RAN#35.
2.
Technical concerns partly already presented and discussed in RAN#35
2.1
Uplink path loss

We believe that one important use of CPICH RSCP measurement is to estimate path loss, with the assumption that uplink path loss is similar to the measured downlink path loss. This assumption is used, for example in outer loop power control, where the measured CPICH RSCP is used to determine the power of the initial PRACH transmission.

Under the proposed measurement definitions, a UE with receive diversity would be expected to combine the RSCP on each antenna connector to give a combined RSCP which is the linear sum of the RSCP on each antenna port. Therefore it would be expected that RSCP reported by a UE with multiple antenna connectors would be higher than the corresponding RSCP with a single antenna connector. Therefore, measurement reports from a multiple antenna connector UE may underestimate uplink path loss, which could have a number of side effects, such as reducing the power of the initial PRACH transmission, and reducing the call setup success rate, or increasing the number of preamble attempts needed to successfully transmit a PRACH. Other side effects may also result if the reported RSCP is used in UTRAN RRM decisions to make handover decisions.

We believe that this issue was not fully considered in the RAN working group discussions.

2.2
CPICH Ec/No range

We note that for a very lightly loaded and isolated cell, using the new definition of CPICH Ec/No, it may be possible for the UE CPICH to become positive (up to +3dB if the CPICH forms the entire input signal). This is a consequence of the linear sum definition for Ec, and the linear average definition for No. 

While this may not result in any significant problems in a normally loaded network, the implications of a positive expected value of CPICH Ec/No may not fully have been considered, for example in the measurement reporting range defined in 25.133 (The reporting range is for CPICH Ec/Io is from -24 ...0 dB.). 
2.3
Network planning related aspects and impacts
As outlined already above, the measurements taking in the DL are often used as an estimate for the UL path loss and in that sense the definition of the DL measurement also impacts network and network planning aspects. The concrete impact is outlined hereafter.

WCDMA provides the possibility to control inter-frequency and inter-RAT measurement activity by parameters relating to the reception quality of the current serving cell/camped cell. TS 25.304 provides the parameters Sinterserch and SinterRAT to control the inter-frequency and inter-RAT measurement activity accordingly. In dependence of the received downlink signal quality measurements on other RATs or inter-frequency are performed, especially in idle Cell-PCH, URA_PCH and Cell-FACH state this method is often applied to safe battery lifetime whilst intra-frequency mobility is not affected. In coverage limited areas or areas with partially non-consecutive UMTS coverage inter-frequency and inter-RAT measurements need to be performed when close to leaving coverage of the serving cell and no intra-frequency cell was found for continues coverage provisioning. One important use of CPICH RSCP measurement is to estimate path loss, with the assumption that uplink path loss is similar to the measured downlink path loss. This means the parameters Sinterserch and SinterRAT are set in such a way depending on the received DL signal quality that based on above equal UL/DL pathloss assumption the UE would still be in the position to reach its currently serving/camped BS, when this starts being endangered measurements are performed on other frequency layers/systems.

In case that a RX diversity measurement capable UE would perform its measurement evaluation according to the aggregated sum, this would lead to a bias into wrong direction for these terminals, as in above mentioned scenarios they would loose network connection due to not being able to reach the BS in the UL and started the measurement trigger to late. Only method avoiding this would be to tighten the trigger by ~3dB in general, thus causing a significant burden in terms of measurement for all non RX diversity UEs and impacting current network planning.

In case that the measurement would be based on the linear average the measurement behaviour (e.g. when measurements are triggered etc.) would be similar for RX diversity and non RX-diversity terminals reflecting their common uplink capability. This would also still allow the DL received quality to be used as one common measure for UL limited network scenarios when measurements are selectively triggered via parameters as provided by TS 25.304.

In the dedicated state measurements to be performed are indicated by the network e.g. by providing compressed mode patterns with designated purpose. The compressed mode can be activated and deactivated by the network e.g. based on reported DL signal quality which similar as in the idle states can be used by the network as an estimate for the uplink reach ability. Furthermore we would like to note that for the DL no special indication is required on the UE receive diversity capability as the comparison of the reported CQI value versus the measured CPICH RSCP should already be indication enough on the UE receiver capability. 
3.
Additional technical concerns and comments regarding UE implementation of measurements
3.1
CPICH measurements have not until now been intended to reflect actual UE demodulation performance

We note that any requirements defined by RAN4 are always minimum performance requirements. It is entirely acceptable that a given implementation can exceed the minimum performance requirements in 25.101 by some margin. Typically, such implementations that exceed minimum performance requirements are not expected to report CPICH Ec/No, RSCP or RSSI measurements which are different from those which would be reported by a basic UE which only just meets the minimum performance requirements. For this reason we have previously discussed in [1] that the CPICH Ec/No, CPCH RSCP, and RSSI should be thought of more as intrinsic properties of the received signal, rather than as properties of the receiver architecture used by the UE for demodulation. When a UE has multiple antenna connectors, the situation is necessarily more complicated, but nevertheless this leads to the suggestion that the situation for receive diversity should not be handled as a special case compared to other types of receiver enhancements, or to UEs which exceed the minimum performance requirements stipulated by RAN4. For this reason, we think that UEs with multiple receivers  should be expected to report measurements which are nominally very similar to those reported by UEs with other types of receivers in the same geographical location.

The value of this can be understood by the following example. RAN4 specifications do not mandate the use of two receivers to meet the enhanced performance requirements type 1. “RX diversity” receiver was only used as example for a reference receiver simulations are based upon, RAN4 specifications do not use the term “receive diversity receiver” as this was see to violate the receiver implementation freedom, thus the more neutral term receiver type 1 was used, which may comprise RX diversity terminals but also includes other terminal types fulfilling the performance requirements. If it were possible to meet the enhanced performance requirements type 1 with a single receiver, then the measurement definitions defined in the CR [2] would mean that such a UE would report nominally different measurement reports compared to a UE which meets the enhanced performance requirements type 1 using two receivers.

Since there are a large number of possible receiver implementations we believe that it is desirable to maintain as much as possible the situation that has existed until now, namely that UE CPICH and RSSI measurements reflect the nature of the signal being received by the UE, rather than the performance of the receiver which is being used for demodulation. As noted in section 2, other information, such as CQI reporting, is more appropriate for determining the likely quality of the demodulated data, reflecting the UE receiver performance.
3.2
Possible impact of antenna correlation

The measurement definitions proposed in [2] simply sum the individual RSCP and Ec measurements on the CPICH but do not account for actual demodulation performance. Indeed it would be rather hard to predict the actual channel quality based only on common pilot measurements, since this is affected by many factors such as propagation conditions, and as previously noted, we believe that CQI reporting is a far more appropriate measure. Therefore we consider that absolute UE CPICH measurement reports can only give a rough indication that conditions are becoming challenging. As noted in section 2.3, this may be used as a trigger condition to activate  inter-frequency or inter-RAT measurements. When CPICH measurements are used in a relative sense, they do give a very good indication of the merit of various neighbour cells relative to the serving cell or active set. 

One possible concern is that there may be occasions when the measurement definitions proposed in the CR in [2] give an over favourable impression of the actual performance of receiver diversity. One situation in which the sum of measurements may give an over favourable impression is when there is some level of correlation between diversity antennae, for example in a very small device. In this case, the sum of measurements may provide too optimistic a picture of the UE performance, and could sometimes result in late activation of compressed mode, possibly causing some dropped connections.
4.
Conclusions

Based on the technical concerns raised insections 2 and 3 , and potential impact on existing network deployments we would request that the measurement definitions of CPICH RSCP, RSSI and CPICH Ec/No in case of receive diversity UEs are based on the linear average of measurements performed on the individual antenna connectors , and that further corresponding CRs to 25.215 [3] and 25.133 would be approved.
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