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1. Introduction

A study item [1] was agreed to evaluate and reach consensus on the scope of a future work item on UE core and performance requirements for LTE with 4 Rx antenna ports (AP).  One of the objectives of the study item is to identify the scope and objectives of UE RF requirements for 4 Rx AP.

2. Discussion

The existing UE RF receiver specifications in Section 7 of TS 36.101 are written with an assumption of two Rx ports with requirements for 4 ports as FFS.  In this contribution, our viewpoint is provided on how the UE RF specifications can be amended to include Rx requirements for 4-port devices.  
Since 4 Rx is related to the receive function, we do not anticipate any changes to the Tx specifications.

Proposal 1:  No changes to Tx specifications in Section 6.

For the UE RF requirements in Section 7, identical inputs signals including both desired signal and interference if applicable, are applied simultaneously to both Rx ports.  This means that there is no opportunity for spatial separation or discrimination of multiple signals received at the UE since there is no amplitude, phase, or time delay of signals applied to each antenna port.  Indeed, it was the intention that the UE RF specifications test only the radio characteristics of the UE front-end, and that spatial processing capability whether beamforming or multiplexing is tested by performance specifications in Section 8 of 36.101.  Moreover, a dispersive channel model is not included in any of the Section 7 UE RF requirements.  Instead, the UE RF tests only include self-noise inherent in the receiver.  When upgrading the UE RF specifications to include 4 Rx antenna ports, we propose to maintain this principle.
Proposal 2:  For the UE with 4 Rx antenna ports, the Section 7 UE RF requirements assume that the identical stimulus including desired signal and interfering signals is applied simultaneously to all antenna ports.  No dispersive channel model is included in any of the Section 7 UE RF requirements.

With this principle confirmed, we then move to the reference sensitivity requirement since this is the fundamental Rx requirement upon which all other Rx core requirements depend.  For 2 Rx, reference sensitivity is defined as the minimum mean power level applied to both antenna ports.  For 4 Rx, we expect that reference sensitivity would be extended to be defined as the minimum mean power level applied to all four antenna ports.  Since reference sensitivity is defined without a dispersive channel, the theoretical gain is simply the power gain from four receivers assuming uncorrelated noise.  Moreover, for the FDD device supporting single UL, only one of the Rx ports is subjected to Tx noise while three receivers should be relatively clean.  However, a practical receiver may not be able to fully realize the theoretical power gain due to non-ideal combining.  Combining loss was already taken into account in the derivation of reference sensitivity for two receivers; unless there is reason to believe that combining loss would be greater for 4 Rx compared to 2 Rx, an offset of -3 dB in reference sensitivity for 4 Rx compared to 2 Rx should apply.  This should be more carefully studied.
Proposal 3:  For 4 Rx, the reference sensitivity should be [3 dB] improved compared to 2 Rx for the same band and channel bandwidth.

Many of the other Rx core requirements are defined relative to reference sensitivity.  For example, wanted power signal levels and interferer signal power levels are often defined with a fixed offset relative to reference sensitivity.  In those cases, the signal-to-interference power ratio is maintained and the power level is only adjusted slightly (3dB in this case), so the validity of the test remains.  Therefore, no change should be required to accommodate 4 Rx UE's.  On the other hand, there are a handful of Rx core specifications where the interferer power level is specified in absolute terms, but the desired signal power is specified relative to reference sensitivity.  For those cases, since reference sensitivity is improved by 3 dB, the signal-to-interference noise ratio has been degraded by 3 dB if the interferer level is fixed.  Since the interferer is applied identically to all Rx antenna ports, there is no diversity gain to be achieved against the interference.  Thus, we propose in these cases that the wanted signal power for 4 Rx devices is increased by 3 dB to maintain a constant signal-to-interference ratio.  
Proposal 4:  For ACS and blocking requirements, the signal-to-interference power ratio should be maintained for 4 Rx devices compared to 2 Rx devices.  Thus, for specifications where the wanted signal and interferer power levels are defined relative to reference sensitivity, no adjustment is necessary.  For 4 Rx specifications where the wanted signal power level is defined relative to reference sensitivity, but the interferer power level is fixed, the wanted signal power level should be increased by [3 dB].

For inter-band carrier aggregation, RIB is defined to accommodate the additional front-end loss imposed by a diplexer or quadplexer.  For the case of a 4 Rx receiver, it may be possible that this additional loss does not apply to the third and fourth diversity receivers.  In such a case, the reference sensitivity might not need to be relaxed by the full RIB since not all receivers are impacted.  However, given that most RIB values are very small already, any such effect will be vanishingly small.  In fact, for most band combinations, RIB is already zero.  Additionally, it is possible and even likely that carrier aggregation may be used in conjunction for 4 Rx.  In that case, the additional insertion loss would apply across all receivers.  Thus, we propose that no change is necessary to RIB for 4 Rx.

Proposal 5:   For 4 Rx specifications, no change is necessary to the RIB allowance for carrier aggregation.
Finally, we consider the relationship between 4 Rx specifications and 2 Rx specifications.  For a device supporting 4 Rx antenna ports, it also supports 2 Rx antenna ports.  In fact, it may support up to four separate configurations of 2 Rx assuming a single Tx port and three Rx diversity ports.  However, it is our opinion that it is not necessary to make the 2 Rx requirements applicable to the 4 Rx device.  The 4 Rx specifications are already more stringent given that the sensitivity is 3 dB lower, and all of the same tests as for 2 Rx are to be specified for 4 Rx as well, most at this more stringent reference sensitivity power level.  We also note that 2 Rx devices are not subjected to 1 Rx specifications, even though 1 Rx is a degenerate case of 2 Rx antenna ports.
Proposal 6:  4 Rx specifications should be defined fully for all Rx requirements so that the UE is not subjected to separate 2 Rx specifications.

3. Conclusion
In this contribution, we have evaluated the impact of 4 Rx antenna ports to the UE RF specifications.  We provide the following proposals for consideration.  Proposals 3, 4, and 5 may be more appropriate to consider during the eventual work item phase, whereas proposals 1, 2, and 6 relate to the scope of the work and can be considered under the current study item.
Proposal 1:  No changes to Tx specifications in Section 6.

Proposal 2:  For the UE with 4 Rx antenna ports, the Section 7 UE RF requirements assume that the identical stimulus including desired signal and interfering signals is applied simultaneously to all antenna ports.  No dispersive channel model is included in any of the Section 7 UE RF requirements.

Proposal 3:  For 4 Rx, the reference sensitivity should be [3 dB] improved compared to 2 Rx for the same band and channel bandwidth.

Proposal 4:  For ACS and blocking requirements, the signal-to-interference power ratio should be maintained for 4 Rx devices compared to 2 Rx devices.  Thus, for specifications where the wanted signal and interferer power levels are defined relative to reference sensitivity, no adjustment is necessary.  For 4 Rx specifications where the wanted signal power level is defined relative to reference sensitivity, but the interferer power level is fixed, the wanted signal power level should be increased by [3 dB].

Proposal 5:   For 4 Rx specifications, no change is necessary to the RIB allowance for carrier aggregation.

Proposal 6:  4 Rx specifications should be defined fully for all Rx requirements so that the UE is not subjected to separate 2 Rx specifications.

Reference

[1] RP-142299, "New Study Item:  Study on LTE DL 4 Rx antenna ports," Ericsson

1
1

