3GPP TSG-RAN WG4 Meeting # 76bis
R4-155760
Sophia Antipols, France,  12-16 October, 2015
Agenda Item:
7.8.3
Source: 

Ericsson

Title: 
Considerations on radio link monitoring for 4RX
Document for:
Discussion
1 Introduction
For several meetings the feasibility of requirements for 4RX radio link monitoring have been discussed; the objective related to RLM from the work item is
	The objectives for RRM core requirements for 4 Rx AP are the following
· Study feasibility of RLM requirements with 4 Rx antenna 

· The outcome of the feasibility study is decision on whether RLM requirements need to be specified.

· Specify RLM requirements based on the outcome of the above feasibility of using 4 Rx for RLM requirements




2 Discussion

Summarizing the discussions so far, a number of contributions e.g. have considered that 4RX requirements would be beneficial, e.g. in [2]
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 \* MERGEFORMAT [7] and [8], whereas other contributions such as [6] and [9]have argued that either no 4RX RLM requirements should be defined, or that further justifications are necessary before 4RX requirements are defined. The core part of the work item is targeted to be completed by RAN4#77 and in practice this means that a decision needs to be made during RAN4#76bis at latest on whether to introduce 4RX RLM core requirements, so that if necessary a CR could be agreed for section 7.6.1 of 36.133. It should be noted that test cases in 36.133 annex A are part of the performance work item, and so it is not necessary to conclude on testing.
Proposal 1 : A decision on the feasibility of introduction of 4RX RLM core requirements shall be made in RAN4#76bis meeting

The proponents of 4RX RLM requirements have argued that it would be beneficial to extend the coverage of UEs using the 4RX feature, with the main discussions being on the proper test condition to ensure that UEs do not perform 2RX fallback in the test, and whether signalling could be beneficial either to control the number of AP that the UE is using, or to provide feedback of the number of AP currently in use by the UE. The companies who do not support the introduction of 4RX RLM requirements argue that coverage may anyway be limited by the uplink and it may be harmful to UE power consumption if the UE is not able to perform fallback to 2RX in a certain scenario. As a result there has been discussion about whether a proper test condition could be found to perform 4RX RLM testing, and whether signalling (either from UE to eNB or eNB to UE) could be beneficial.

After discussion  in three RAN4 working group meetings as well as studies during the SI phase, there has been limited progress on any of these aspects, and therefore it can be concluded that there is currently no consensus on the feasibility of introducing core requirements in chapter 7.6.1 based on 4RX. One aspect that we would like to highlight is that the current text in section 7.6.1 simply defines PDCCH/PCFICH BLER corresponding to Qout and Qin, along with suitable evaluation periods and does not consider number of antenna ports or other aspects of receiver implementation. 
Observation 1 : There is no consensus in RAN4 on the feasibility of a CR to section 7.6.1 to introduce core  requirements for 4RX RLM and the current text does not mention number of RX antenna ports.

As rapporteur of the WI, our view is that the most critical work relates to RF, demodulation and CSI requirements which are necessary to ensure the overall performance of a 4RX UE. Since chapter 7.6.1 does not mention aspects of UE implementation such as number of AP, and there is no consensus on the feasibility to modify the text for  a 4RX UE we propose that 

Proposal 2 : 36.133 section 7.6.1 (RLM requirements) is not updated as a part of the 4RX work item.

Under this proposal, UEs are not excluded from using 4RX for radio link monitoring, and also nothing is mentioned about 2RX fallback. This is similar to the approach that is already used for 2RX UEs, which would not be precluded from performing 1RX fallback in certain scenarios for power saving purposes. Since there is no consensus on introducing a CR, it seems reasonable to continue with the current approach and also fundamentally it may be better not to mention UE architecture/implementation options in core specifications.
Regarding the system impact of this proposal, it could be noted that even before the introduction of 4RX, different UE receivers will give different levels of performance and may go into radio link failure at different geographical locations. The eNB would typically try to avoid radio link failure, for example by triggering inter RAT handover at a point before RLF occurs. Under proposal 2, a 4RX UE would not go into radio link failure in conditions which were as good as or better than the conditions where 2RX UE goes into RLF and so it could be expected that 4RX UE would work at least as well in practical deployments as 2RX UE already work. This means that (for example) if interRAT handover is triggered based on the same condition / thresholds as for a 2RX UE then a 4RX UE should be within coverage regardless of whether it is operating with 4RX (and performing radio link monitoring with an SNR criteria consistent with 4RX operations) or whether it is operating with 2RX. For this reason, we do not envisage any significant system impact from proposal 2, and indeed it would appear difficult to further exploit 4RX operation from an RLM/RRM perspective to give system gains given the dynamic nature and unpredictability of 2RX fallback. 
Observation 2 : Proposal 2 is not expected to cause any system level impact, and it would appear difficult to further exploit 4RX operation from an RLM/RRM perspective to give system gains given the dynamic nature and unpredictability of 2RX fallback.
We would emphasise that proposal 2 does not preclude the use of SNR estimation based on 4RX and indeed based on the core requirements for Qin and Qout, it could be expected that when a UE operates with 4RX, the BLER levels for Qin and Qout are consistent with 4RX receiver performance. Hence it could be expected that a user benefit may still be obtained, e.g. if the UE goes into weak coverage or strong interference (as could be expected with other receiver enhancements). However, since proposal 2 implies that there would be no 4RX specific core RLM requirement, the eNB would not specifically exploit the 4RX receiver to handle the UE in a different way.
Next we consider the signalling approaches which have been discussed, namely UE → eNB signalling and eNB → UE signalling,
eNB to UE signalling
The difficulty with eNB to UE signalling is that the eNB does not have any short term information about the conditions on the various UE antenna ports to make a decision on how the UE should be configured. RRM measurements are not reported on a per AP basis and are relatively long term average values, so reconfiguration based on RSRP or RSRQ could only be performed e.g. by attempting to detect that the UE has moved close to the cell edge and configuring to 4RX. The RSRP and RSRQ measurements do not provide any information on whether the UE has a large imbalance or correlation between antenna ports.

Similarly, use of CSI information to reconfigure the UE does not provide a complete picture of conditions on antenna ports. CQI or RI reporting  is very much dependent on the eNB configuration (e.g. transmission mode, TX antenna configuration) and the possible CSI measurements also depend on whether the UE is currently performing 2RX fallback.
For these reasons, we think it would be difficult for the eNB to beneficially control the number of AP in use by the UE, meaning that either performance may be compromised (if the eNB configures 2RX when the UE should be using 4RX) or power saving opportunities may be missed. Since no detailed proposals or studies have been performed on the benefits of introducing such signalling and there is only one meeting remaining to complete core work (both RAN2 and RAN4) it seems impossible to introduce the signalling.
UE to eNB signalling
Using this approach, 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 (e.g. 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.

General considerations on signalling

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. Additionally, it also seems that if signalling is a fundamental aspect of 4RX then there is no possibility for early implementation (pre release 13) of the 4RX feature.
Proposal 3 : Signalling proposals are not considered for 4RX RLM

Next, we turn our consideration to testing aspects. It must be emphasised that testing of 4RX RLM (including the test setup, and the simulations of PDCCH/PC-FICH performance etc.) are part of the performance WI, and hence it is not essential to conclude on these aspects to close the core WI. If proposal 2 is followed, then in principle it may be problematic to test a 4RX capable UE in a 4RX test configuration since there will be no way to know whether it is making use of 4RX in the test or performing 2RX fallback. As has been previously discussed, it will anyway be necessary to derive a method for ensuring that many 2RX test cases including RLM and RRM tests (as well as demod and CSI) can be reused with a 4RX UE. Considering only RLM aspects, there are 25 different tests, as shown in table 1

	A.7.3.1
	E-UTRAN FDD Radio Link Monitoring Test for Out-of-sync

	A.7.3.2
	E-UTRAN FDD Radio Link Monitoring Test for In-sync

	A.7.3.3
	E-UTRAN TDD Radio Link Monitoring Test for Out-of-sync

	A.7.3.4
	E-UTRAN TDD Radio Link Monitoring Test for In-sync

	A.7.3.5
	E-UTRAN FDD Radio Link Monitoring Test for Out-of-sync in DRX

	A.7.3.6
	E-UTRAN FDD Radio Link Monitoring Test for In-sync in DRX

	A.7.3.7
	E-UTRAN TDD Radio Link Monitoring Test for Out-of-sync in DRX

	A.7.3.8
	E-UTRAN TDD Radio Link Monitoring Test for In-sync in DRX

	A.7.3.9 
	E-UTRAN FDD Radio Link Monitoring Test for Out-of-sync under Time Domain Measurement Resource Restriction and Non-MBSFN ABS

	A.7.3.10
	E-UTRAN TDD Radio Link Monitoring Test for Out-of-sync under Time Domain Measurement Resource Restriction with Non-MBSFN ABS

	A.7.3.11
	E-UTRAN FDD Radio Link Monitoring Test for In-sync for Non-MBSFN ABS

	A.7.3.12
	E-UTRAN TDD Radio Link Monitoring Test for In-sync for Non-MBSFN ABS

	A.7.3.13
	 E-UTRAN FDD Radio Link Monitoring Test for Out-of-sync under Time Domain Measurement Resource Restriction with MBSFN ABS

	A.7.3.14 
	E-UTRAN TDD Radio Link Monitoring Test for Out-of-sync under Time Domain Measurement Resource Restriction with MBSFN ABS

	A.7.3.15
	E-UTRAN FDD Radio Link Monitoring Test for In-sync under Time Domain Measurement Resource Restriction with MBSFN ABS

	A.7.3.16
	E-UTRAN TDD Radio Link Monitoring Test for In-sync under Time Domain Measurement Resource Restriction with MBSFN ABS

	A.7.3.17
	E-UTRAN FDD Radio Link Monitoring Test for Out-of-sync under Time Domain Measurement Resource Restriction with CRS Assistance Information and Non-MBSFN ABS

	A.7.3.18
	E-UTRAN TDD Radio Link Monitoring Test for Out-of-sync under Time Domain Measurement Resource Restriction with CRS Assistance Information and Non-MBSFN ABS

	A.7.3.19
	E-UTRAN FDD Radio Link Monitoring Test for In-sync under Time Domain Measurement Resource Restriction with CRS assistance information and Non-MBSFN ABS

	A.7.3.20
	E-UTRAN TDD Radio Link Monitoring Test for In-sync under Time Domain Measurement Resource Restriction with CRS assistance information and Non-MBSFN ABS

	A.7.3.21
	E-UTRAN FDD Radio Link Monitoring Test for In-sync under Time Domain Measurement Resource Restriction with CRS assistance information and MBSFN ABS

	A.7.3.22
	E-UTRAN TDD Radio Link Monitoring Test for In-sync under Time Domain Measurement Resource Restriction with CRS assistance information and MBSFN ABS

	A.7.3.23
	E-UTRAN FDD Radio Link Monitoring Test for Out-of-sync for 5MHz Bandwidth

	A.7.3.24
	E-UTRAN FDD Radio Link Monitoring Test for In-sync for 5MHz Bandwidth

	A.7.3.25
	E-UTRAN FDD Radio Link Monitoring Test for In-sync in DRX for 5MHz Bandwidth


Table 1 : Test coverage for RLM

All of these tests have been derived with simulation campaigns, so it is rather clearly impossible to develop 4RX variants of all the tests. Since it is clearly necessary to reuse 2RX RLM tests anyway, a natural extension of proposal 2 is that no 4RX RLM test is developed.

Proposal 4 : 4RX RLM tests are not developed

Clearly, the proper test methods for 4RX UEs to pass the existing 2RX RLM tests would need further discussion under this proposal.  Since the discussion is not unique to RLM and it is very clearly necessary to define a test method for 4RX UEs also so that 2RX RRM, demod and CSI tests can be verified, we expect that the scope for this discussion is not just for RLM but also encompasses other testing aspects.
3 Conclusions
In this contribution we provide further discussion on radio link monitoring for 4RX UEs. Given that only one more meeting remains to complete the core work the discussion is now urgent, and we propose

Proposal 1 : A decision on the feasibility of introduction of 4RX RLM core requirements shall be made in RAN4#76bis meeting

 Summarising the current views, we observe
Observation 1 : There is no consensus in RAN4 on the feasibility of a CR to section 7.6.1 to introduce core  requirements for 4RX RLM and the current text does not mention number of RX antenna ports.

Considering this observation and the existing wording of the RLM requirements we propose
Proposal 2 : 36.133 section 7.6.1 (RLM requirements) is not updated as a part of the 4RX work item.

Observation 2 : Proposal 2 is not expected to cause any system level impact, and it would appear difficult to further exploit 4RX operation from an RLM/RRM perspective to give system gains given the dynamic nature and unpredictability of 2RX fallback.
Next we discuss earlier proposals for signalling. As neither signalling from the eNB to the UE nor from the UE to the eNB seems to be clearly beneficial, we propose

Proposal 3 : Signalling proposals are not considered for 4RX RLM

Finally, we discuss testing aspects and propose

Proposal 4 : 4RX RLM tests are not developed

Clearly, the proper test methods for 4RX UEs to pass the existing 2RX RLM tests would need further discussion under this proposal.  Since the discussion is not unique to RLM and it is very clearly necessary to define a test method for 4RX UEs also so that 2RX RRM, demod and CSI tests can be verified, we expect that the scope for this discussion is not just for RLM but also encompasses other testing aspects.
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