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1 Introduction

In [1] RAN1 has replied to RAN4’s LS on UE measurements in support of the two-stage MIMO OTA test method in [2]. RAN1 discussed RAN4’s questions rather extensively and based on the discussions sent further questions to RAN4 before being able to study and answer RAN4’s questions. In this contribution we discuss RAN1’s questions, consider what additional analyses RAN4 could do and provide some initial answers to RAN1’s questions. In the contribution also some new questions to RAN2 and RAN5 have been discussed. 
2 Discussion

In this section we discuss each RAN1 question to RAN4 in [1] on the new RSAP (Received Signal Antenna Power) and RSARP (Received Signal Antenna Relative Phase) measurement proposals . 
Question #1:  Will the measurement be subband-based or wideband?  If it is wideband, how is the UE expected to average across subbands in case frequency selectivity could be observed? 

In the RAN4 LS [2] to RAN1 no detailed measurement bandwidth or subband information was provided for potential new amplitude and phase measurements as also the input contribution [3], which proposed RSAP and RSARP measurements for supporting the two-stage method left these details open for UE implementation  e.g. as follows;

Note1: The number of resource elements within the considered measurement frequency bandwidth and within the measurement period that are used by the UE to determine RSAP is left up to the UE implementation with the limitation that corresponding measurement accuracy requirements have to be fulfilled.

So far RAN4 has not conducted any studies of implications e.g. on comparability of different device implementations for these proposed measurements and especially in the end on the accuracy of the two-stage test method. Thus, it is difficult to provide very detailed answer to RAN1’s question yet. However, we see that this is an area, which could be carefully investigated in RAN4 by involving also other experts like UE measurement experts in addition to MIMO OTA and testing experts. 

Frequency selectivity in term of fading characteristics is not important for the antenna pattern measurements as static channel is used in the antenna pattern measurements of the first stage. However, it has not been investigated by RAN4 whether now or especially in the future e.g. in release 12 with potentially even wider operating bandwidths and more & diverse active antenna implementations it will become important to validate device radiated performance over the whole operating bandwidth (e.g. to validate whether antenna pattern changes over the frequency) . Therefore, it is important to evaluate whether for the futureproofness of a device radiated conformance test method one amplitude and phase measurement per operating bandwidth (either using wideband or subband averaging) would be sufficient to validate the device radiated performance and frequency stability of device radiated performance using the two-stage method. In true radiated methods device radiated performance and its stability over the whole operating bandwidth could easily be verified if and when needed by defining different sub-band scheduling configurations during testing. 
Although the contribution in [3] proposing these new amplitude and phase measurements does not provide any further motivation or details for the RSAP and RSARP measurement proposals, we expect that this proposal mainly follows similar principles as used for the UE RRM measurements like E-UTRA RSRP used for supporting LTE network in its mobility and other network RRM algorithm decision making.  The contribution [3] does not provide any analyses whether similar implementation freedom is suitable also for the two-stage MIMO OTA test method and whether accurate device radiated performance evaluation and comparisons between devices are still possible without too large uncertainties. 
Assumptions and requirements for the UE measurements are fundamentally very different when using UE measurements like E-UTRA RSRP and RSRQ measurements for RRM and mobility purposes from using UE measurements for validating device radiated performance in conformance testing. In conformance testing good devices need to be differentiated from bad devices very accurately in order to avoid wrong decisions. Furthermore, operators may also wish to compare radiated performances of different devices.  However, typically for the purposes of mobility and RRM support it is important that the situation of a given device is evaluated relative to its radio conditions and situation in the network in order to ensure the most suitable cell for service and correct decisions for from the perspective of a given device and thus, good system and end user performance can be ensured.  In most cases this mean sufficient filtering in time and frequency for the UE measurements for mobility and RRM purposes (apart from UE CSI reporting). However, when using UE measurements as a step to discriminate good and bad devices from each other, it is critical that the performance of all devices are validated with the same high accuracy compared to their true radiated performance. Also it would be desirable that the two-stage MIMO OTA test method would be able to provide the same absolute throughput test results as true radiated test method like the multiple probe anechoic chamber MIMO OTA test method in the same environment.
To achieve sufficient accuracy and comparability in the two stage MIMO OTA test results for different devices using also different radio chipset implementations, we see that the filtering details for the measurements e.g. measurement bandwidth and used sub-bands as well as time domain filtering details need to be specified much more in detail than in case of UE RRM and mobility measurements. As discussed earlier, detailed information about the used measurement bandwidth may also impact the future proofness of the two stage method.  In addition to the detailed information like sub-band information or measurement BW, also somewhat different methods for validating the UE measurement requirements and accuracy may be required for the RSAP and RSARP. For instance, it may be necessary to validate the UE measurement performance for number of sub-bands as well as with much short measurement period than currently used 200 ms. Without more detailed measurement descriptions and requirements for the two stage calibration measurements like the proposed RSAP and RSARP measurements than for the UE RRM measurements, it may not possible to ensure that all devices are validated with the same accuracy especially when the operation bandwidths increase further from 20 MHz using LTE Carrier Aggregation. For instance, it has not been verified that one single RSAP and RSARP measurement over the whole BW provide sufficient calibration information especially if the gain and phase vary over the operating bandwidth (e.g. over 20 MHz operating BW).  
Based on the discussion above we propose that RAN4 will analyze whether single subband or wideband measurements e.g. for the proposed RSAP and RSARP measurements are sufficient for the accurate calibration of the two-stage MIMO OTA test method or whether number of sub-band measurements need to be defined instead. In this further analyses it would be important to understand how the calibration accuracy will be impacted if LTE Carrier Aggregation operations are also used in the future MIMO OTA testing. Meanwhile, we could inform RAN1 that RAN4 is currently studying implications and therefore, both wideband and limited sub-band measurements are possible and therefore RAN1 should take both options into account in its studies and feedback to RAN4. 
Answer proposal #1: RAN4 has not yet completed its studies what would be suitable measurement bandwidths for the proposed new RSAP and RSARP measurements and therefore, recommends RAN1 to assume both a single wideband and a limited number of sub-band specific measurements being possible. RAN4 will provide further information to RAN1 once it has completed its own studies.  Frequency selectivity in these proposed UE measurements is not important in traditional terms like radio channel’s frequency domain fading as antenna pattern measurements are performed in static, single-path line-of-sight environments. However, especially in the future with potentially wider bandwidth operations it may be necessary that device antenna pattern can be measured separately for different parts of the operating bandwidth if the two stage MIMO OTA method is selected as conformance test method for validating device’s radiated throughput performance. In this way it would also be possible to validate the radiated performance of the devices on different parts of the operating bandwidth, similarly as it is possible in cases of true radiated test methods like probe anechoic chamber MIMO OTA test method described in [4].
Question #2:  What is the reference point of the phase and amplitude determination?  If it is the antenna connector, is the UE expected to be calibrated in order to remove the effects on amplitude and phase of the various components between the antenna and the channel estimator? 
During the RAN4 studies on the two-stage method both intrusive and non-intrusive methods for the antenna pattern measurement (amplitude and phase measurements for each antenna branch) have been considered. For the two stage method the UE needs to be able to measure the amplitude and phase of the signals arriving at each antenna connector using temporary connection to each antenna port.

Currently nothing has been specified for the UE support of two-stage MIMO OTA testing. So far only proprietary test software and non-standardized test methods have been available for the two-stage MIMO OTA testing.
Only some devices support proprietary non-intrusive cable connection for the amplitude and phase measurements whereas for others temporary cable connection need to be created causing potential additional mismatch and thus error to the test results. For some devices no two-stage MIMO OTA testing is possible due to lack of suitable measurement support. 
In order to avoid differences in the validation and validation accuracy of radiated throughput performance for different devices it is important for RAN4 to define further details for the temporary cable connection and UE measurement point at each antenna connector if the two-stage MIMO OTA test method is standardized. As a drawback, the definition of these temporary antenna test ports could potentially set constraints for the device design, which may not be very attractive from the commercial usage and end-user point of view, unless similar methods as currently used for conductive conformance testing are utilized for the two-stage method as well. 
For the purposes of conducted conformance testing 3GPP TS 36.509 defines Electrical Man Machine Interface (EMMI), where the physical EMMI interface towards the UE may be for example a standard USB interface. However, other interfaces of proprietary or standardized type are not precluded. 3GPP TS 36.509 also defines UE Test Loop Mode Function for conformance testing and collecting necessary data in the conformance testing. In order to allow normal EMMI interfaces and test modes to be used it would be beneficial to define these new amplitude and phase measurements at each antenna connector using normal UE procedures, assumptions and measurements.
As all the MIMO OTA test methods used for conformance test purposes need to provide accurate and comparable estimates of the radiated DL throughput performance of the device, it is important to ensure that the whole device and all of its components are taken into account in the two-stage method and especially in the calibration of the two-stage method. If this temporary testing connection and related measurement and calibration details are not carefully specified, it is rather likely that the measurement results of the two-stage method may vary between different devices and device form factors etc even though the radiated performance of these terminals otherwise might be the same. 

For obtaining accurate and comparable DL throughput estimates using the two-stage MIMO OTA method also self interference levels and implications would need to be understood or at least taken into account in the final DL throughput estimates. RAN4 has not yet identified suitable method for self interference estimations. The document [5] suggests that self interference could be estimated by UE measuring received SINR. The contribution, however, mainly focuses on noise like interference but does not discuss how interference, which may only present on certain part of the bandwidth and only during certain time occasions, which may even be rather short in nature. Moreover, the self-interference might not be on the same level for each of the RX chains depending on the specific UE design as well as especially, if the antenna is used only for DL reception or also for UL transmission. For evaluating impacts of self interference on DL throughput estimates in the two-stage MIMO OTA method the whole UE transceiver chain would need to be considered. In order to achieve the whole picture and understanding of all different UE measurements required to be standardized for the two-stage method it would be good to ask RAN1’s feedback on potential measurement or estimation method for self interference. 
Answer proposal #2: Although not all of the details have been discussed and especially defined for the two-stage MIMO OTA testing, RAN4 has assumed that these new amplitude and phase measurements are measured separately for each antenna branch at the corresponding antenna connector. For the calibration purposes and obtaining accurate antenna pattern estimates and therefore also accurate DL radiated throughput estimates with the two-stage MIMO OTA test method, it is important to know and take into account all the device components including their potentially non-linear behaviors. 
Follow-up question proposal to RAN1: The two-stage MIMO OTA method would also require a UE measurement or estimation for self-interference in order to obtain accurate and comparable DL throughput estimates with the two-stage MIMO OTA method. In true radiated MIMO OTA test method self interference is present during the testing and thus, does not require any specific estimation methods.  In [5] it was proposed that received DL SINR would provide suitable estimate for self interference. This document focus on noise like interference but for accurate self interference estimation it would also be necessary to estimate interference, which may occur only on certain frequency or interference leakage which may only occur occasionally and may be rather short term in nature but still significant. RAN4 would like to hear RAN1’s view whether it would also be possible to define UE measurement quantity for estimating this type of self interference and whether RAN1 would have any recommendations for such measurement quantity. 
Question #3:  Is there any planned mechanism to prevent the UE to conduct the new measurements when not needed? 

As the proposed new UE amplitude and phase measurements are only intended for the two-stage MIMO OTA test method, it is important that the UE is not required to perform these measurements in any other cases but when the calibration of the two-stage method is needed. We propose that the discussion with RAN2 and RAN5 is initiated in order to understand what would be suitable method for avoiding these proposed new UE measurements to be requested in any other case but during the two-stage MIMO OTA testing (if this method is specified for the conformance testing) 
Answer proposal #3: At the moment no concrete method has been discussed or agreed by RAN4. However, as the proposed new UE amplitude and phase measurements are only intended for the two-stage MIMO OTA test method, it is important that the UE is not required to perform these measurements in any other cases but when the calibration of the two-stage method is needed. RAN4 will initiate discussion on mechanism to avoid UE to be required to conduct these proposed new amplitude and phase measurements in any other cases but during the MIMO OTA testing (if they are concluded to be needed for MIMO OTA testing). 
Question #4:  Is there a need to define also control plane procedures for the measurement reporting? 

Unfortunately it is our understanding that currently it is quite difficult to provide clear answer to this question yet. In our opinion it is important to first identify jointly with RAN2 and RAN5 how these measurements should in general be controlled i.e. initiated and stopped as discussed for the question #3 without requiring too much additional HW or test specific device implementation. As discussed as a part of the question #2, it might be desirable to define these proposed phase and amplitude measurement using normal UE procedures, definitions and even reporting so that regular cable connection for the conducted conformance testing (EMMI) and regular test mode could be reused in the two-stage MIMO OTA testing.  
Answer proposal #4: At the moment RAN4 is not able to provide detailed answer to this question yet but RAN4 will initiate related discussions with RAN5 and RAN2 in order to find a suitable answer and solution.
Question #5:  If the new measurements are only required for test purposes, is there an alternative technical specification, other than 36.214, in which the measurements could be defined? 
Some other specifications e.g. RAN4 specification could also be considered for capturing these new measurements if decided to be standardized. While considering and deciding where and whether these new proposed UE measurements need to be specified, it is important to also important to consider how regular interfaces and test modes could also be reused in the two-stage MIMO OTA testing. At this point of time it would important for RAN4 to receive RAN1’s feedback on the feasibility for the proposed new UE measurements.
Answer proposal #5: If these proposed new UE measurements are decided to be standardized, alternative specifications e.g. one of the RAN4 specifications could also be considered. At this point of time it would important for RAN4 to receive RAN1’s feedback on the feasibility for the proposed new UE measurements for amplitude and phase estimation as well as newly proposed UE measurement for estimating self interference and its impacts on UE’s DL throughput performance.
Question #6:  What timing requirements are associated with these measurements (such as measurement time, etc)?

In the very first measurement results using the two-stage method much shorter measurement reporting and most likely also much short measurement periods were used than currently used 200 ms for most of the intra-frequency measurements. In the contribution [6] 1 ms - 10 ms was indicated as a reasonable range for the measurement period and reporting. However, no analyses e.g. for sensitivity of this time period range on the calibration was provided in this contribution. Also in general RAN4 has analyzed how large implications different measurement and reporting periods would have on the accuracy for the calibration of the two stage method. Therefore, we propose that RAN4 will conduct further studies on these implications in order to provide solid and detailed answer to RAN1.
Answer proposal #6: It is expected by RAN4 that measurement period and reporting delay for the proposed UE received amplitude and phase measurements need to be significantly shorter than e.g. 200 ms measurement period and reporting delay for intra-frequency measurements like E-UTRA RSRP or UTRA CPICH  RSCP. However,  RAN4 has not yet conducted detailed sensitivity analyses for the implications of the measurement period and reporting delay on the accuracy of UE antenna pattern estimation and calibration of the two stage method. Therefore RAN4 at this point of time cannot provide any detailed answer to this RAN1 question. In [6] 1 ms - 10 ms was indicated as a reasonable range for the measurement period and reporting by the proponent.

Question #7:  What level of accuracy requirements RAN4 is expecting for these measurements?

Due to lack of different devices and especially devices with different chipsets supporting the two-stage MIMO OTA test method it has not be possible for RAN4 to evaluate what level of measurement accuracy and calibration accuracy would be sufficient to ensure accurate and comparable DL throughput estimates. Most studies on the measurement accuracies for the proposed amplitude and phase measurements have focused on repeatability using the same or very similar chipset implementations for the amplitude and phase measurements. Therefore, it is not possible for RAN4 to provide exact information yet on the required accuracies for the proposed amplitude and phase measurements. However, in order to allow RAN1 to progress their feasibility studies RAN4 could indicate to RAN1 that RAN1 could utilize the existing RAN4 requirements developed mainly for the mobility and RRM purposes in their analyses at least for RSAP. 
RAN4 could also indicate to RAN1 that it continue to investigate what kind of new requirements and test methods are required to validate that good accuracy and comparability for antenna pattern estimation. This could mean requirements both the actual measurement accuracies but also for the calibration and how self interference can be captured in the two-stage MIMO OTA test method.

Answer proposal #7:
Due to lack of different devices and especially devices with different chipsets supporting the two-stage MIMO OTA test method it has not be possible for RAN4 to evaluate what level of measurement accuracy and calibration accuracy would be sufficient to ensure accurate and comparable DL throughput estimates. However, in order to allow RAN1 to progress the feasibility studies for the proposed amplitude and phase measurement, RAN1 could utilize the existing RAN4 requirements developed mainly for the mobility and RRM purposes with respect to RSAP. But RAN4 is unable at this point of time to provide information on the accuracy requirements of the proposed phase measurement/RSARP. 
RAN4 will also continue to investigate what kind of new requirements and test methods would be required to validate that good accuracy and comparability for the UE antenna pattern estimation. This could mean requirements both the actual measurement accuracies but also for the calibration and how self interference can be captured in the two-stage MIMO OTA test method. 
3 Conclusions

In this contribution we have discussed the questions of the RAN1 LS in [2] and propose initial answers to RAN1. In the document we also discuss the importance of initiating discussion with RAN5 and RAN2 on potential solutions for controlling the proposed new UE measurements and suitable cable connection and test mode assumptions for the two-stage method. It is also discussed in the contribution how e.g. measurement quantity reporting and measurement reference points may be impacted by the selected solution for the cable connection and test mode. 

The following initial answers for the RAN1 questions are proposed:

Question #1:  Will the measurement be subband-based or wideband?  If it is wideband, how is the UE expected to average across subbands in case frequency selectivity could be observed? 

Answer proposal #1: RAN4 has not yet completed its studies what would be suitable measurement bandwidths for the proposed new RSAP and RSARP measurements and therefore, recommends RAN1 to assume both the wideband and limited sub-band measurements being possible. RAN4 will provide further information to RAN1 once it has completed its own studies.  Frequency selectivity in these proposed UE measurements is not important in traditional terms like radio channel’s frequency domain fading as antenna pattern measurements are performed in static environments. However, especially in the future with potentially wider bandwidth operations it may be necessary that device antenna pattern can be measured separately for different parts of the operating bandwidth if the two stage MIMO OTA method is selected as conformance test method for validating device’s radiated throughput performance. In this way it would also be possible to validate the radiated performance of the devices on different parts of the operating bandwidth, similarly as it is possible in cases of true radiated test methods like probe anechoic chamber MIMO OTA test method described in [4].

Question #2:  What is the reference point of the phase and amplitude determination?  If it is the antenna connector, is the UE expected to be calibrated in order to remove the effects on amplitude and phase of the various components between the antenna and the channel estimator? 
Answer proposal #2: Although not all of the details have been discussed and especially defined for the two-stage MIMO OTA testing, RAN4 has assumed that these new amplitude and phase measurements are measured separately for each antenna branch at the corresponding antenna connector. For the calibration purposes and obtaining accurate antenna pattern estimates and therefore also accurate DL radiated throughput estimates with the two-stage MIMO OTA test method, it is important to know and take into account all the device components including their potentially non-linear behaviors. 

Follow-up question proposal to RAN1: The two-stage MIMO OTA method would also require a UE measurement or estimation for self-interference in order to obtain accurate and comparable DL throughput estimates with the two-stage MIMO OTA method. In true radiated MIMO OTA test method self interference is present during the testing and thus, does not require any specific estimation methods.  In [5] it was proposed that received DL SINR would provide suitable estimate for self interference. This document focus on noise like interference but for accurate self interference estimation it would also be necessary to estimate interference, which may occur only on certain frequency or interference leakage which may only occur occasionally and may be rather short term in nature but still significant. RAN4 would like to hear RAN1’s view whether it would also be possible to define UE measurement quantity for estimating this type of self interference and whether RAN1 would have any recommendations for such measurement quantity. 
Question #3:  Is there any planned mechanism to prevent the UE to conduct the new measurements when not needed? 

Answer proposal #3: At the moment no concrete method has been discussed or agreed by RAN4. However, As the proposed new UE amplitude and phase measurements are only intended for the two-stage MIMO OTA test method, it is important that the UE is not required to perform these measurements in any other cases but when the calibration of the two-stage method is needed. RAN4 will initiate discussion on mechanism to avoid UE to be required to conduct these proposed new amplitude and phase measurements in any other cases but during the MIMO OTA testing (if they are concluded to be needed for MIMO OTA testing). 
Question #4:  Is there a need to define also control plane procedures for the measurement reporting? 

Answer proposal #4: At the moment RAN4 is not able to provide detailed answer to this question yet but RAN4 will initiate related discussions with RAN5 and RAN2 in order to find a suitable answer and solution.
Question #5:  If the new measurements are only required for test purposes, is there an alternative technical specification, other than 36.214, in which the measurements could be defined? 
Answer proposal #5: If these proposed new UE measurements are decided to be standardized, alternative specifications e.g. one of the RAN4 specifications could also be considered. At this point of time it would important for RAN4 to receive RAN1’s feedback on the feasibility for the proposed new UE measurements for amplitude and phase estimation as well as newly proposed UE measurement for estimating self interference and its impacts on UE’s DL throughput performance.
Question #6:  What timing requirements are associated with these measurements (such as measurement time, etc)?

Answer proposal #6: It is expected by RAN4 that measurement period and reporting delay  for the proposed UE received amplitude and phase measurements need to be significantly shorter than e.g. 200 ms measurement period and reporting delay for intra-frequency measurements like E-UTRA RSRP or UTRA CPICH  RSCP. However,  RAN4 has not yet conducted detailed sensitivity analyses for the implications of the measurement period and reporting delay on the accuracy of UE antenna pattern estimation and calibration of the two stage method. Therefore RAN4 cannot provided any detailed answer to this RAN1 question. In [6] 1 ms - 10 ms was indicated as a reasonable range for the measurement period and reporting by the proponent.
Question #7:  What level of accuracy requirements RAN4 is expecting for these measurements?

Answer proposal #7:
Due to lack of different devices and especially devices with different chipsets supporting the two-stage MIMO OTA test method it has not be possible for RAN4 to evaluate what level of measurement accuracy and calibration accuracy would be sufficient to ensure accurate and comparable DL throughput estimates. However, in order to allow RAN1 to progress the feasibility studies for the proposed amplitude and phase measurement, RAN1 could utilize the existing RAN4 requirements developed mainly for the mobility and RRM purposes. 
RAN4 will also continue to investigate what kind of  new requirements and test methods would be required to validate that good accuracy and comparability for the UE antenna pattern estimation. This could mean requirements both the actual measurement accuracies but also for the calibration and how self interference can be captured in the two-stage MIMO OTA test method. 

4 References

[1] R1-123044, Reply LS on UE measurements in support of the two-stage MIMO OTA test method, RAN1
[2] R4-122114, LS to RAN1 - UE measurements in support of the two-stage MIMO OTA test method, RAN4
[3] R4-116105, Definition of UE pattern measurement function based on RSRP definition, Agilent Technologies
[4] 3GPP TR 37.976 V11.0.0, Measurement of radiated performance for Multiple Input Multiple Output (MIMO) and multi-antenna reception for High Speed Packet Access (HSPA) and LTE terminals (Release 11) TR

[5] R4-123496, Evaluating self interference using UE reports, Agilent Technologies, CATR
[6] R4-115288, Power and relative phase definition for antenna pattern measurement, Agilent Technologies
