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Discussion
1. Introduction

A study item of MIMO and multiple receive antenna UE radiated performance requirements was agreed in last RAN Plenary meeting #43 [1]. The main goal of the study item is to establish a new measurement system for MIMO OTA antenna performance evaluation. As this new measurement methodology is mainly intended to verify the radiated performance of the terminal in more complex conditions, it would seem to have some merit to consider using the existing measurement methodology developed for UTRA and GSM terminals also as a complementary in the future.
The measurement methodology was discussed and developed in earlier RAN4 work [2] and requirements specification introduced to WCDMA/GSM terminals in speech position [3]. The measurement procedures related to UTRA and GSM terminals are give in [4]. These procedures can be seen as somewhat RAT and antenna configuration agnostic, and it would seem useful to sustain them as a part of the future UE antenna requirements. In this contribution we aim to initiate the discussion how the existing requirements could be extended for LTE terminals.
2. Discussion
In this section we cover the existing antenna performance requirements, namely TRP and TRS, and look at the issues which would need to be considered when aiming to determine TRP and TRS requirements for LTE terminals.  
In the scope of the radiated performance requirements, the major difference compared to WCDMA comes from the more flexible transmission and reception bandwidth. In 36.101 [5] six different channel bandwidth have been specified, corresponding to different transmission bandwidth configurations as shown in Table 1 below. Furthermore the actual momentary transmission bandwidth may vary depending on the assigned allocation. Similarly the actual portion of DL bandwidth assigned to UE carrying the user specific information may be selected by eNB.
Table 1. Transmission bandwidth configuration NRB in E-UTRA channel bandwidths
	Channel bandwidth BWChannel [MHz]
	1.4
	3 
	5
	10
	15
	20

	Transmission bandwidth configuration NRB
	6
	15 
	25
	50
	75
	100


2.1 Terminal position

The requirements [3] and test specification [4] determine the requirements while the terminal is in the speech mode in talk position e.g. the terminal is placed at the side (cheek) of the phantom head. As it could be expected that this use mode maintains its popularity in the future, it could be considered as a good starting point when determining the requirements for LTE terminals. Naturally other operation modes should not be excluded and possible other positions could be considered as a part of the further work, probably oriented more to the UE in data transfer mode together for example with hand phantom. 
2.2 Total Radiated Power (TRP)

As the name implies the TRP is a measure how much power the UE radiates. In case of WCDMA terminal TRP is measured [4] at low, mid and high channel for a given band when UE is transmitting at maximum power in a bandwidth of at least (1+  times the chip rate. 
As noted in beginning of this section LTE terminals support different channel bandwidth options. As discussed in context of transmit power requirements (for LTE) this offers different options how to measure the antenna performance. Thus assuming maximum transmission bandwidth of 20MHz is supported for a given band the performance could be measured at the 20MHz transmission bandwidth (or at maximum allowed channel bandwidth for given E-UTRA operating band). Alternatively the TRP could be measured in a piece wise manner by choosing a suitable transmission bandwidth covering portion of the maximum allowed transmission bandwidth at a time. Also some other channel bandwidth could be selected, for example 10MHz or 5MHz. One option could of course be to evaluate the performance with multiple channel bandwidths or transmission bandwidth configurations. 
However as it would seem that the most interesting thing would be to see the antenna performance and band edges and centre the additional information offered by complicated measurement configurations would be very limited. Therefore it would seem probably most feasible to select single transmission configuration which could be used. As it would facilitate the comparison of the numbers and facilitate the testing, the selected bandwidth could such that it can be supported for all the operating bands. With narrower channel bandwidth the intra channel bandwidth variations in antenna performance can be assumed to be negligible compared to the variations to over the operation band, thus full transmission bandwidth corresponding the selected channel bandwidth could be used. Similarly to UTRA, it would seem feasible to measure the requirements at low, mid and high channel for each given band. 
The used transmission bandwidth also affects the maximum transmission power as UE is allowed Maximum Power Reduction (MPR) if the used transmission bandwidth configuration exceeds certain number of PRBs (or due to higher order modulation). Also for a certain operating bands UE maybe signalled to meet additional spectrum emission mask requirements, which then in turn allows UE some Additional MPR depending of the channel bandwidth and transmission bandwidth configuration. However these would not seem to impose a problem as such once configuration used in the requirements (and related signalling) would be agreed. Additionally some relaxation is being considered to the band edges depending on the band and allocation width. These would need to be also accounted when the requirements are being discussed.
The setting of the UE transmit power for PUSCH and PUCCH in E-UTRA differs somewhat on the closed loop power control used in UTRAN. As it may be beneficial to avoid any additional uncertainties in the UE transmit power setting it would seem preferable to remove the pathloss component related to the power setting. In the PUSCH power setting algorithm the weight of the pathloss component can be set to 0, and the TPC commands provided on the DCI can be accumulated to ensure that UE transmit at the maximum power.
2.3 Total Radiated Sensitivity (TRS)
The measurement procedure for TRS is in principle very similar to the procedure used TRP. Thus as noted in previous section the main aspect to be considered would be the different possible bandwidths. Following the same reasoning as given in previous section it would seem preferable to limit the testing configuration to single channel bandwidth and use DL allocation correspondingly full bandwidth. The requirement would naturally need to be set similar manner as the conducted receiver sensitivity requirement. For the conducted the requirement is set based on achieved relative throughput (of the maximum). The level considered in conducted case is 95% of the maximum. It would be beneficial whether this would provide reasonable testing time, or if some lower level should be used. In the demodulation requirements level of 70% has been also considered.
In addition as the baseline receiver assumption in RAN4 has been that the receiver is equipped with two RX antenna ports. Therefore as it can be considered that the baseband processing is developed while assuming receiver diversity, it would seem most natural to use this approach also in the radiated sensitivity requirements. Thus no special UE test mode would be introduced, but the radiated sensitivity would be measured in similar manner as in conducted case [5]. This in somewhat in contradiction with the earlier assumption made in [2] stating that each antenna would be measured separately and the obtained result combined in post processing. In practice the UE equipped with receiver diversity has antennae designed in a joint manner so that the diversity characteristics are optimized accounting the terminal form factor and mechanical modes.  
3. Conclusions

In this contribution we have provided some initial considerations of the possible aspects that would need to be considered when extending the existing measurement procedure to evaluate TRP/TRS requirements. Main aspect discussed is the possibility of different channel bandwidths. Based on the discussion presented it would seem most feasible to select single channel bandwidth which could be used at different operating bands and evaluating the radiated power and sensitivity at edges and centre of the band while assuming full transmission bandwidth configuration.
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