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Discussion 
1
Introduction 
In this paper, we discuss the feasibility of 4RX RLM tests and suggest the possible solution.
2
Discussions 
In last RAN4 meeting, the feasibility of 4RX RLM test was discussed, but no consensus was achieved. Therefore, it is still not yet decided to specify the 4RX RLM test. The fundamental issue is that it is not guaranteed that UE will keep staying in 4RX mode during the test of 4RX RLM, if dynamic 2RX fallback is allowed. In the evening ad hoc meeting, an agreement was made [1]: 
	· Further analysis invited on possible test condition for 4RX RLM, and whether signalling is useful to address potential power consumption issue


During the discussion, two proposals were mentioned. One is to adopt the same test condition from 4RX PCFICH/PDCCH test, i.e., with continuous PDSCH scheduling, and the other one is to introduce existing or new signaling to indicate the number of active antennas. In the following, we provide our view on these two proposals.
2.1

Continuous PDSCH scheduling
In all legacy RLM test, UE needs to predict its PDCCH decoding performance and then uses the predicted results for INS and OOS detection. During the test, PDCCH is not transmitted. So the accuracy of INS and OOS detection based on only the estimated CRS SNR is tested.
The intention to schedule continuous PDSCH is to keep UE staying in 4RX. When the SNR is high enough, UE decodes every PDCCH successfully and enters 4RX mode. But, in this case, the success in PDCCH decoding will bring additional information in predicting PDCCH decoding performance and also the INS/OOS detection. In other words, UE knows it is in-sync if it can successfully decode PDCCH, no matter what SNR value was estimated from CRS. 
One simple example is shown in Figure 1. For simplicity, we assume 5 dB SNR gap between SNR thresholds of INS (INS_2RX) and OOS (OOS_2RX) for 2RX UE, and we assume the 4RX SNR threshold of INS/OOS (INS_4RX/OOS_4RX) is 3dB lower than INS_2RX/OOS_2RX. At SNR_2, UE may still have a high probability to decode PDCCH with 4RX. More precisely, UE has 90% PDCCH (DCI format 1A, aggregation level 8) detection rate at OOS_4RX. Since SNR_2 > OOS_RX, the detection rate should be even higher. 

Introducing continuous PDSCH scheduling would leads to a different UE behavior in RLM. If RAN4 agrees to do so, RAN4 needs to clearly define new UE behavior (especially at SNR_2 and SNR_4) when PDCCH can be successfully decoded.
Observation 1: If the test condition of continuous PDSCH scheduling is agreed, RAN4 needs to clearly define corresponding new UE RLM behavior when PDCCH is successfully decoded. 
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Figure 1. An example of 4RX RLM test
On the other hand, one prerequisite for the continuous PDSCH scheduling to work is that UE needs to successfully decode the PDCCH first. If the SNR is too low, the UE which is in 2RX mode may miss the PDCCH and never enter 4RX mode, or a 4RX UE will fall back to 2RX mode because it does not notice that continuous PDSCH is coming. At SNR_3, UE is not able to decode every PDCCH so that it may fall back to 2RX. Therefore, we cannot guarantee that UE will always stay in 4RX mode throughout the test. This may lead to some unexpected problem in SNR_4, which may have a value that is very closed to OOS_2RX.
Observation 2: When the SNR is too low, UE may fail to detect continuous PDSCH and fall back to 2RX mode. It is not guaranteed that UE will always stay in 4RX mode throughout the test. 
2.2

Signaling
The intention of using signaling is to ensure that both UE and eNB have the same understanding of the current number of active RX antennas. The RX switching depends on (at least) two inputs: one is the battery status in UE and the DL traffic status in the network. UE may switch to 2RX when it is in low battery, and the network may expect UE to use 4RX when that UE has a large amount of DL traffic waiting in the queue. It will be helpful, if some information can be exchanged between UE and network. 
However, the detail on the signaling has not yet been discussed. So, it is hard to know how to utilize this signaling in 4RX RLM test and also impossible to evaluate the impact of signaling on both network and UE performance. In our opinion, at least the following questions about signaling detail need to be addressed, e.g.,
1. What is the information to be signaled? The number of active RX antenna, the request to switch RX antenna, the battery status or DL traffic status.

2. Is the signaling initiated by network or UE? 

3. After the initial signaling was sent from the transmitter, can the receiver reject it? And how? For an example, if the network requested UE to use 4 RX antennas, can the UE reject the request due to the concern on battery life?
4. How frequent should the signaling to be updated?

5. Whether additional tests are required for this signaling?
Observation 3: More detail of the signaling is required before it is utilized in the 4RX RLM test.
Based on above observation, the feasibility of 4RX RLM test is still not justified. 
4
Summary 
In this paper, we provide our view on the feasibility of 4RX RLM tests. We have the following observations:
Observation 1: If the test condition of continuous PDSCH scheduling is agreed, RAN4 needs to clearly define corresponding new UE RLM behavior when PDCCH is successfully decoded. 
Observation 2: When the SNR is too low, UE may fail to detect continuous PDSCH and fall back to 2RX mode. It is not guaranteed that UE will always stay in 4RX mode throughout the test. 
Observation 3: More detail of the signaling is required before it is utilized in the 4RX RLM test.
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