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1 Introduction
In previous RAN4 meetings, radio link monitoring has been discussed for 4RX UEs. In the 4RX adhoc in RAN4#75, the conclusion was
· Further analysis invited on possible test condition for 4RX RLM, and whether signalling is useful to address potential power consumption issue

In this contribution we provide further analysis on the possible test condition, and whether signalling is useful to address the potential power consumption issue.
2 Discussion

Considerations on test condition
As has been discussed extensively in previous meetings, the fundamental discussion relates to whether 4RX based core requirements are specified. Currently, 36.133 does not specify anything about receiver type in the radio link monitoring core requirements, so if nothing was changed it would mean that any UE is expected to detect a radio link problem based on a PCFICH/PDCCH block error rate of 10% (Qout) and recover based on a PCFICH/PDCCH block error rate of 2%. If a certain UE implementation happens to operate using 4RX then following this core specification, it could be expected to detect and recover from radio link problems at approximately 3dB lower SNR than a UE using 2RX.
Observation 1 : Without any changes to the core specification, if a certain UE implementation happens to operate using 4RX then following this core specification, it could be expected to detect and recover from radio link problems at approximately 3dB lower SNR than a UE using 2RX.
When it comes to testing, whether such an implementation would pass or fail the existing test case depends on more careful consideration of the test setup. Current rel8 RLM tests are based on the assumption that UEs have two antenna ports, so it needs to be considered how such a test is reused with a UE which has 4 antenna ports. Clearly, if additional uncorrelated fading channels and noise are applied (ie the testcase is extended by adding additional faders and noise generators to the test equipment) then it can be expected that a UE operating with 4RX and compliant to the 10%/2% core specification would fail the test based on the currently specified SNR. On the other hand, if the test case is expanded, for example, by applying the two signals to the UEs 4 antenna ports in a pairwise fully correlated manner, or to only 2 antenna ports, it can be expected that the 4RX operating UE estimates close to the same overall SINR as a 2RX UE, since it will determine the correlation of the paired antenna ports in channel estimation. Therefore, with certain kinds of test setup, a 4RX UE would be able to pass an existing testcase. Since there are many RLM tests, it is important to find mechanisms to reuse the existing 2RX test cases for scenarios where it is not desired to develop new tests (for instance eICIC and feICIC).
Observation 2 : Without any changes to the test specification, if a certain UE implementation happens to operate using 4RX then following this test specification, it could be expected to pass the existing 2RX test, provided that a suitable test method is used.
Having considered the current specification, we now consider what changes should be made to both core specification and test procedure for 4RX operation. The question which needs to be answered is whether downlink coverage should be extended for a 4RX capable UE which is operating in 4RX (ie not in fallback). In our view, fundamentally the benefits of 4RX UEs are not just that they are capable of increased peak rate using 3 or 4 layer MIMO but also that they provide better throughput in more demanding conditions at low SNR such as at the cell edge. We fully acknowledge that UE power consumption is also very important and UEs should be allowed to perform fallback to 2RX when 4RX does not provide gain. However, it is also very important that as a receiver enhancement 4RX UEs provide an improved performance compared with 2RX UEs, since they are doubtless more expensive devices for which the user has a strong expectation of better performance. Indeed, in some scenarios (eg laptop modem), performance may a much strong weighting above power consumption in user expectations, so it is important that 4RX UEs deliver the expected receiver performance in scenarios where significant gains could be observed.
For this reason, we think that it would be highly beneficial to ensure that Qout evaluation is done using 4RX when the UE is actively receiving data, and is based on the same PCFICH/PDCCH hypothetical BLER (10%,2%) as currently, which means that Qout would be detected at approximately 3dB lower SNR than currently. Our view is that this is the key question which needs to be considered by RAN4

Proposal 1  Qout evaluation is done using 4RX when the UE is actively receiving data, and is based on the same PCFICH/PDCCH hypothetical BLER (10%,2%) as currently

One discussion which has taken place is whether the UE should go into radio link failure earlier because it may be uplink coverage limited. While there are undoubtedly scenarios where the UE may become uplink coveage limited before it becomes downlink coverage limited, radio link monitoring is fundamentally a downlink measurement, and until now no consideration has been made of the uplink. Since the UE is completely unaware of the eNB receiver and its performance then there seems no reason why this approach cannot continue for 4RX. It is likely that there are scenarios where even a 2RX UE would be limited by uplink coverage, and eNB are able to handle this situation according to their implementation today without any special actions from the UE. Therefore it seems unnecessary to artificially limit the downlink performance so that it goes into radio link failure, and if this were to be done, 2RX Qin/Qout does not provide any particular reference for a point where UL coverage can be expected to fail.
The next question which needs to be discussed is the definition of “UE actively receiving data”. From a testing perspective, it is unrealistic to verify completely the 2RX fallback behaviour in 3GPP tests, because fallback algorithms are likely to be based on multiple criteria, complicated and likely to be tuned in future according to field data once experience is gained of 4RX operation. Indeed, a detailed specification of fallback behaviour could be counterproductive, since it could inadvertently either create a requirement to operate with 4RX in a scenario where it turned out not to be very beneficial,  and at the same time also fail to specify important scenarios where 4RX provides good gains.

Proposal 2 : 4RX fallback behaviour is not extensively discussed in 3GPP RAN WG4

Based on proposal 1, it is still important to be able to test that Qout evaluation is done using 4RX at appropriate SNR points when the UE is actively receiving data. In our view, an extended discussion of what is meant by “actively receiving data” is not likely to be fruitful; we would assume that UEs are going to maintain internal, implementation specific, timers such that when they are not scheduled with data for a certain period of time, they perform opportunistic fallback to 2RX (likely also gated with other conditions such as receiver measurements) and when they are scheduled with data they move quite quickly to PDCCH monitoring with 4RX (potentially also considering other conditions such as receiver SNR and MIMO configuration). However, for testing purposes it is important to recognise that such details are implementation specific and thus it seems unlikely that RAN4 could agree to a different test condition than the one already agreed for PDCCH demodulation
Proposal 3 : The same condition is adopted for 4RX RLM testing as for PDCCH demodulation testing, ie UE is continuously scheduled in the test

It is acknowledged that proposal 3 does not give any test coverage for the scenario where the UE is actively receiving data but is not quite scheduled continuously. As discussed, this seems unavoidable, considering that a discussion on how UE implementations perform fallback is unlikely to be fruitful and may indeed be counterproductive. The continuous scheduling approach has already been agreed for the PDCCH demodulation testing, and hence it is already known that UE should operate with 4RX in this scenario especially at low SNR.

Since proposal 3 implies a change to compared to current RLM test procedure, it is recommended that additional 4RX RLM tests are developed, and all the 2RX tests (using the same approach as for running legacy tests in UE demod) as well as some additional 4RX tests are applicable to a 4RX UE
Proposal 4 : All the 2RX RLM tests (using the same approach as for running legacy tests in UE demod) as well as some additional 4RX tests are applicable to a 4RX UE
Proposal 5 : 4RX variants of tests A.7.3.1 through A.7.3.4 are considered in the work item

Considering Qin evaluation, we have previously proposed that this is based on 2RX SNR to ensure that proper hysteresis is maintained. The reason is to avoid the potential ping pong scenario where a UE detects a radio link problem based on 2RX (eg hypothetical BLER slightly above 10%), then switches to 4RX operation and immediately recovers (hypothetical BLER below 2%). One discussion which took place in RAN4#75 is that this could lead to quite large hysteresis in the case that the UE detects a radio link problem based on 4RX. We are open to further discussion on the Qin condition, since other procedures could be considered, such as requiring that Qin is based on measurements which consider the same number of antenna ports as triggered Qout.
Proposal 6 : Qin criteria should be futher discussed in RAN4, considering the potential ping pong problem

Updated simulation results

Out-of-synch simuation results
Table 1
Simulation assumptions for out of sync scenario
	Attribute
	Value

	DCI format
	1A

	Bandwidth
	10 MHz

	Antenna configuration:
	1x2, 2x2, 1x4, 2x4

	Channel model
	AWGN, ETU70

	Aggregation level (CCE)
	8

	Control channel space
	2 symbols

	Ratio of PDCCH RE energy to average RS RE energy
	4 dB for (1x2, 1x4) antenna configuration

1 dB for (2x2, 2x4) antenna configuration

	DRX
	OFF

	L1 evaluation period: 
	200 ms

	Note 1:
DCI format 1A is defined in clause 5.3.3.1.3 in TS 36.212.

Note 2:
A hypothetical PCFICH transmission corresponding to the number of control symbols shall be assumed.
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Table 2
SNR to achieve 2% PCFICH/PDCCH BLER (Qin) from Out of sync simulation
	
	1x2
	2x2
	1x4
	2x4

	AWGN
	-11.79
	-11.85
	-14.12
	-14.22

	ETU70
	-7.67
	-9.01
	-11.05
	-12.20


Table 3
SNR to achieve 10% PCFICH/PDCCH BLER (Qout) from Out of sync simulation
	
	1x2
	2x2
	1x4
	2x4

	AWGN
	-13.06
	-13.10
	-15.35
	-15.39

	ETU70
	-9.61
	-10.61
	-12.82
	-13.52


In-synch simulation results
Table 4
Simulation assumptions for in sync scenario
	Attribute
	Value

	DCI format
	1C

	Bandwidth
	10 MHz

	Antenna configuration: 
	1x2, 2x2, 1x4, 2x4

	Channel model
	AWGN, ETU30 and ETU70

	Aggregation level (CCE)
	4

	Control channel space
	2 symbols

	Ratio of PDCCH RE energy to average RS RE energy
	0 dB for (1x2, 1x4) antenna configuration

-3 dB for (2x2, 2x4) antenna configuration

	DRX
	OFF

	L1 evaluation period: 
	100 ms

	Note 1:
DCI format 1C is defined in clause 5.3.3.1.4 in TS 36.212.

Note 2:
A hypothetical PCFICH transmission corresponding to the number of control symbols shall be assumed.
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Table 5
SNR to achieve 2% PCFICH/PDCCH BLER (Qin)  from In sync simulation
	
	1x2
	2x2
	1x4
	2x4

	AWGN
	-7.87
	-7.87
	-10.64
	-10.69

	ETU30
	-6.74
	-7.39
	-9.90
	-10.29

	ETU70
	-4.63
	-5.68
	-8.11
	-8.86


Table 6
SNR to achieve 10% PCFICH/PDCCH BLER (Qout)  from In sync simulation
	
	1x2
	2x2
	1x4
	2x4

	AWGN
	-8.78
	-8.79
	-11.51
	-11.53

	ETU30
	-5.00
	-6.10
	-8.74
	-9.26

	ETU70
	-6.28
	-6.95
	-9.41
	-9.91


Considerations on signalling
Two proposals in RAN4#75 considered signalling the number of antenna ports in use by the UE to the eNB. In [10] it was proposed :
	Proposal 2: UE should use same number of Rx for RLM as for PDCCH demodulation, and new signalling should be considered to make this number known to eNB.


And in [14], it was considered to redefine existing power preference indication to also indicate that a 4RX UE is using 4 antenna ports 
	Observation 1 : A 4-RX UE must make 4-RX UE performance requirements in any case. When the UE switches off to 2-RX AP UE, there is always risk for a 4-RX UE to violate the performance requirements, and such risk reduces power saving efficiency. Also, such transparent manner of RX AP switching causes concerns regarding CSI and RRM measurements.
Observation 2 : “Power preference indication” RRC signal and power saving mechanism already exist in the current TS 36.331 spec.
Observation 3 : Network non-transparent manner of 4-RX AP switching for power saving purpose is feasible without introducing new RRC signals. 


Regardless of whether a new signal is introduced, or an existing signal is extended it is important to recognise that both proposals relate to signalling in the direction from the UE to the eNB. In other words, the UE autonomously decides how many antenna ports to use and indicates this information in some way using RRC signalling. From a testing perspective, it may be observed that this provides no mechanism to force any UE implementation to perform 4RX operation (or 2RX operation). Thus, the testing issues are not solved by signalling – if the UE signals that it is operating with 2RX while a 4RX RLM test is being attempted, the test cannot be completed. This means that there is a possibility that 4RX RLM requirements will still not be tested, and the only change that the signalling would make is to give some visibility that the UE could not be tested to meet 4RX RLM requirements due to 2RX fallback.

Another aspect which could be considered is whether such signalling is beneficial to the network. Our assumption is that the signalling may be potentially expected to be used by the eNB to reconfigure some aspect such as PDCCH resources for UEs operating with 4RX (eg reduced CCH aggregation level). On the other hand, since there are no UE requirements proposed for the fallback condition, it seems difficult for the eNB to make any practical use of such signalling. For example, some UEs might be much more dynamic than others in the extent that they perform 2RX/4RX switching, and the overhead of reconfiguring PDCCH could become unacceptable – even to the extent that by the time the PDCCH reconfiguration had been actioned by the eNB, the UE would have already switched again to a different receiver operating mode. There was some discussion of switching rates in the 4RX demod/RRM adhoc in RAN4#75, where one UE chipset vendor indicated that switching could occur within the 200ms Qout window. Clearly, if UE implementations switch receiver configuration every few hundred milliseconds, RRC signalling followed by reconfiguration of PDCCH becomes a significant overhead, and the problem from the eNB perspective is that there are no UE requirements on which to base any reconfiguration implementation decision.
Finally, from a non technical perspective, we mention that the work item has no objectives related to defining additional signalling, and as a result there is no time unit allocation in RAN2. Given that there are multiple signalling solutions proposed, and there is no consensus seen in RAN4 to use signalling, we could anticipate that quite extensive discussions would be needed in RAN 2 to define signalling for 2RX fallback, since RAN4 does not have the competence to compare different solutions. Already some discussion on other aspects of 4RX operation has spilled over into RAN1 and RAN2, related to the discussion on indicating capabilities for 3 and 4 layers CRS transmission modes. However, the discussion on capabilities is not really a new discussion for the other working groups (since applicable release from rel10 onwards is discussed, and the topic has come up previously before the 4RX AP work item), whereas 2RX fallback would be a new and difficult/time consuming discussion in RAN2. 
Therefore, regardless of the outcome of other proposals 1-6 in this contribution, we propose

Proposal 7 : Signalling from UE to eNB of the number of antenna ports in use by a UE is not considered in the DL 4RX work item
3 Conclusions

In this contribution, we discuss radio link monitoring for downlink 4RX antenna port UEs, and propose:
Proposal 1  Qout evaluation is done using 4RX when the UE is actively receiving data, and is based on the same PCFICH/PDCCH hypothetical BLER (10%,2%) as currently

Proposal 2 : 4RX fallback behaviour is not extensively discussed in 3GPP RAN WG4

Proposal 3 : The same condition is adopted for 4RX RLM testing as for PDCCH demodulation testing, ie UE is continuously scheduled in the test

Proposal 4 : All the 2RX RLM tests (using the same approach as for running legacy tests in UE demod) as well as some additional 4RX tests are applicable to a 4RX UE
Proposal 5 : 4RX variants of tests A.7.3.1 through A.7.3.4 are considered in the work item

Proposal 6 : Qin criteria should be futher discussed in RAN4, considering the potential ping pong problem

Proposal 7 : Signalling from UE to eNB of the number of antenna ports in use by a UE is not considered in the DL 4RX work item
Updated simulation results are also provided.
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