3GPP TSG-RAN WG4 Meeting #76	 R4-154366
Beijing, China, August 24-28, 2015
Agenda Item:	7.8.3
Source: 	Alcatel Lucent
Title: 	Discussion of radio link monitoring for 4Rx UEs
Document for:	Discussion
Introduction
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]In previous meetings, radio link monitoring (RLM) for 4Rx UEs was discussed [1-6]. However, there was no conclusion on the feasibility of RLM for 4Rx UEs. In this paper, we further discuss this issue, and present our view based on the discussion.
Radio Link Monitoring
[bookmark: _Toc409103717]RLM is a process for a UE to determine whether it is in-sync or out-of-sync with respect to its serving cell based on monitoring the downlink radio quality. During RLM, the UE estimates the block error rate (BLER) of hypothetical PDCCH transmission based on measuring the serving cell CRS, and compares the estimated BLERs to the thresholds Qout that corresponds to 10% BLER and Qin that corresponds to 2% BLERs of a hypothetical PDCCH transmission to determine whether the UE is -sync or out-of-sync.  

As defined in TS 36.133, UE is given a 200ms time window for the determination of the out-of-sync. That is, when the downlink radio link quality of the serving cell estimated over the last 200 ms period becomes worse than the threshold Qout, Layer 1 of the UE sends an out-of-sync indication for the serving cell to the higher layers within 200 ms Qout evaluation period. A 100ms time window is given for the determination of the in-sync. That is, when the downlink radio link quality of the serving cell estimated over the last 100 ms period becomes better than the threshold Qin, Layer 1 of the UE sends an in-sync indication to the higher layers within 100 ms Qin evaluation period. Two successive indications from Layer 1 are separated by at least 10 ms. 

In general, the UE higher layers will not declare the radio link failure by just receiving a single out-of-sync indication. Instead, the UE will start a radio link failure timer ‘T310’ after a number of ‘N310’ consecutive out-of-sync indications. Only after expiry of the timer T310, UE higher layers will declare the radio link failure. The timer is stopped if a number ‘N311’ of consecutive in-sync indications are reported by Layer 1 of the UE. The out-of-sync and in-sync counters (N310 and N311) and radio link failure timer ‘T310’ can be configured by the network.

Observation 1: UE has given a 200ms time window for the determination of the out-of-sync and 100ms window for the determination of the in-sync;

Observation 2: UE does not normally declare radio link failure by single out-of-sync indication.

In previous meetings, radio link monitoring for 4Rx UEs was discussed [1-6]. The discussion focused basically on two questions:

1) Whether it is feasible to introduce a new RLM requirement for 4Rx UEs and 
2) If it is feasible, how to conduct the 4Rx RLM test, considering 4Rx UE may falls back to 2Rx for power saving

In our view, these two questions are in fact related. From system performance point of view, it is desirable to take advantage of 4Rx and to enhance the downlink coverage. From UE implementation point of view, it is desirable to have the flexibility to opportunistic fallback to 2Rx for power saving without sacrificing the system performance.

In our view, if a 4Rx UE wants to opportunistic fallback to use 2Rx RLM for power saving, it could do it most of the time. For a properly designed UE, the falling back to 2Rx RLM should not prevent the UE from meeting 4Rx RLM requirement for the following reasons:

· As discussed in previous meetings, the CRS measurement performance between 2Rx and 4Rx is about 3dB or less. Thus, with 2Rx RLM, the UE should be able to estimate the BLER of hypothetical PDCCH transmission with 2Rx antennas, but also roughly the BLER with 4Rx antennas. Therefore, we have:
· Under good RF condition, there should be no difference for UE to use 4Rx RLM or 2Rx RLM. The UE should make the same in-sync decision regardless whether 4Rx RLM or 2Rx RLM is used.
· Under very bad good RF condition, there may also be no difference for UE to use 4Rx RLM or 2Rx RLM. The UE may make the same out-of-sync decision regardless whether 4Rx RLM or 2Rx RLM is used.
· Thus, under good or very bad RF conditions, it should make no difference on whether the UE uses 2Rx RLM or 4Rx RLM.  UE may fall back to 2Rx RLM to save power consumption if the UE wants to do so.
· When the estimated BLER based on 2Rx RLM is near to the thresholds Qout or Qout , that is the situation where  UE should not stop using 2Rx RLM. It should use 4Rx RLM to take the advantage of the 4Rx;
· Since the UE has at least 200 ms window to make out-of-sync decision, the UE should have time to switch to 4Rx RLM if it finds the downlink radio quality is not good in order to make reliable out-of-sync or in-sync decision. 

Based on above analysis, we believe introducing 4Rx RLM should be feasible, since defining 4Rx RLM would not in general prevent UE to have the flexibility to opportunistic fallback to 2Rx for power.

Once it is agreed that 4Rx RLM is feasible, the next question is about how conduct the 4Rx RLM test. The concern raised in last meeting was that the 4Rx UE may falls back to 2Rx RLM for power saving during the test. In previous meeting, a number of approaches were proposed, including

1) Continuous PDSCH transmission during the test
The concern was that the test might not be able to test the UE RLM performance in real scenarios. In most applications, the PDSCH resource is shared by many UEs. From system capability point of view, it is unlikely for eNB to schedule continuous PDSCH transmission to cell edge UEs, where it is important to have reliable 4Rx RLM.

2) No PDSCH transmission during the test
The concern was that UE might fall back to 2Rx RLM during the test if no PDSCH transmission.

3) Periodical  PDSCH transmission during the test
The concern was it would be difficult to define a proper periodicity, since how and when UE falls back to 2Rx RLM would depend on UE implementation and may depend on traffic patterns

4) Signalling indication from UE or signalling control by network
The concern was more investigation would be needed for introducing the new signalling

Our preference would be the 2nd proposal of “no PDSCH transmission during the test” based on the following considerations:

a) Currently, RLM performance requirement is defined independent of the PDSCH transmission. It is rightly so, since whether the UE is in out-of-sync or in-sync status should depend on downlink radio link quality, but not on PDSCH traffic.  
b) RLM requirement is defined based on PDCCH BLER but not PDSCH BLER.
c) Whether and when the UE should use 4Rx RLM or can fall back to 2Rx to save the power should be depend on the RF condition, regardless whether there is PDSCH transmission. As discussed previously, UE should only fall back to 2Rx RLM only at the situations when the fallback does not prevent the UE makes the correct 4Rx RLM out-of-sync or in-sync decision, e.g., under good RF conditions. The UE should use 4Rx RLM whenever it finds using 2Rx RLM may not make the correct 4Rx RLM out-of-sync or in-sync decision.
Summary 
In this paper, we discussed radio link monitoring (RLM) for 4Rx UEs. In our view, defining 4Rx RLM requirements would not prevent UE to have the flexibility to opportunistic fallback to 2Rx RLM for power. In addition, there should be no need to have continuous PDSCH transmission during 4Rx RLM test. Properly switching between 2Rx RLM and 4Rx RLM would not, and should not, compromise the 4Rx RLM performance. 
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