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1	Introduction
The Rel-16 work item (WI) on “Additional MTC enhancements for LTE” [1] has the following objective:
	Improved DL transmission efficiency and/or UE power consumption:
· [bookmark: _Hlk515907705][…]
· Specify MPDCCH performance improvement by using CRS at least for connected mode [RAN1, RAN2, RAN4]
· […]




RAN1 started the discussion on this objective in RAN1#94 and in subsequent meetings (RAN1#94bis RAN1#95, RAN1#96, RAN1#96bis, RAN1#97 and RAN1#98) reached the following agreements relevant to RAN2 [2]: 
	Agreement
For distributed MPDCCH, mapping between CRS and DMRS is defined in specifications. 
· FFS the details (e.g. number of PRBs over which mapping applies, fixed or configurable)
Agreement
Power offset between CRS and DMRS antenna ports of MPDCCH is signaled by eNB. FFS the signaling details (e.g. provisioning for default power offset value).

Agreement
For UE in Connected/Idle mode, the power offset between CRS and DMRS antenna ports of MPDCCH is indicated by SIB.

Agreement
· For UE in Idle mode, the configuration of CRS for MPDCCH performance improvement is indicated via SIB/SI. FFS the details of configuration.
· For UE in Connected mode, the configuration of CRS for MPDCCH performance improvement is indicated via UE-specific RRC signalling. FFS the details of configuration.



RAN2#103bis started the discussion on the feature from RAN2 point of view which continued also in RAN2#104 and RAN2#106 and reached the following agreements [3]:
	RAN2#103bis agreements:
· eNB enables CRS for improving channel estimation on MPDCCH via broadcasted RRC signalling.

RAN2#104 agreements:
· CRS for improving channel estimation on MPDCCH is configured via SIB2. This agreement can be revisited if RAN2 identifies that it would be more reasonable to configure it via SIB1-BR. It is FFS whether configuration would implicitly mean to enable the feature.
· UEs report capability to indicate support of using CRS for improving MPDCCH channel estimation.
· It is FFS if enabling/disabling is needed for the UE.

RAN2#106 agreements:
· No need to introduce a separate indication to enable the feature. Configuration of CRS for MPDCCH performance improvement enables the feature implicitly for UEs in Idle mode.
· Working assumption: If dedicated configuration is not provided in connected mode, UE can use the broadcasted configuration if it exists.




In this contribution we discuss signalling details based on RAN1 progresses and agreements focusing on the interpretation of the various parameters in IDLE and CONNECTED mode. This paper is a revision of [4].
[bookmark: _Ref178064866]2	Discussion
2.1 	General aspects
So far, the demodulation of MPDCCH is only based on DMRS. For Rel-16, agreements have been made in RAN1 and RAN2 to make it possible to improve the MPDCCH channel estimation by enabling the possibility to use CRS for MPDCCH demodulation. Depending on the type of the UE, i.e. BL or non-BL, and details of the mapping between DMRS and CRS, gains can be expected for both high and low SNR levels resulting in fewer number of repetitions needed for successful MPDCCH decoding. This results in less time needed for the UE to monitor MPDCCH and, consequently, improvements in power consumption, provided that the potentially increased load of processing the two types of reference signals is not too costly. 
This feature aims both idle and connected mode so that UEs can use CRS for improved MPDCCH channel estimation both when they are in connected mode and for example while monitoring paging and during the RA procedure prior to entering the connected mode.
Most of the RAN1 agreements are related to L1 implementation aspects of this feature which are out of the scope of this paper. Few agreements have been made regarding signalling and configuration aspects. 
According to the RAN1 and RAN2 agreements the following information is broadcasted in SIB2:
· Power offset between CRS and DMRS antenna ports of MPDCCH in both connected and idle mode
· Configuration details for using CRS for MPDCCH for UEs in idle mode
In UE-specific signalling the following information should be included:
· Configuration details for using CRS for MPDCCH for UEs in connected mode
2.2	Configuration in general
In our view, the intended behaviour is that the eNB configures the feature for IDLE mode UEs in SI, and then possibly it changes the configuration for specific UEs in CONNECTED mode. If there is no IDLE mode configuration, the feature is not enabled in the cell. 
[bookmark: _Toc21051240]When configuration in idle mode is not broadcasted, UE shall consider the feature disabled.

There is no use case for the UE to have the feature enabled in IDLE but not in CONNECTED, thus if dedicated configuration is not provided, it should not be interpreted as the feature to be disabled. Currently RAN2 has a working assumption where the UE should consider the broadcasted configuration (SIB2) for CONNECTED mode in case the dedicated configuration (RadioResourceConfigDedicated) is not transmitted.
The RRC configuration is saved in AS context if the UE is suspended, and it is released if the RRC connection is released. During subsequent connection the UE either uses the resumed RRC configuration or follows the broadcasted configuration, if it exists. To eliminate possible ambiguity, the dedicated configuration should be released when UE is suspended/released. 
[bookmark: _Toc20838004][bookmark: _Toc21051241]Confirm the working assumption for the broadcasted configuration to be valid for connected mode if there is no dedicated configuration.
[bookmark: _Toc21051242]The dedicated configuration is released when UE is released/suspended and when cell is changed.
In case SI and the broadcasted configuration is updated, the legacy mechanisms would handle the situation, specifically release the connection and re-acquire SI. 
[bookmark: _Toc20838000][bookmark: _Toc21051255]Legacy mechanisms can manage the case of an update of the broadcasted configuration.
2.3		Details of configuration
In [6] a new IE (CRS-ChEstMPDCCH-Config) in RadioResourceConfigDedicated has been introduced. We assume this IE will eventually contain all the configuration related to MPDCCH improvements. 
The current definition of CRS-ChEstMPDCCH-Config in [6] is as follows:
-- ASN1START

CRS-ChEstMPDCCH-Config-r16 ::=		SEQUENCE {
	powerOffset-r16				TYPE_TBD		OPTIONAL -- NEED ON
	-- Editor’s Note: Other Config TBD pending RAN1 agreements
}

-- ASN1STOP

	CRS-ChEstMPDCCH-Config field descriptions

	powerOffset
Power offset between CRS and DMRS antenna ports of MPDCCH, see TS 36.213 [23], clause xx.



This IE, since it contains the powerOffset which has been agreed to be transmitted in SI, can be used also for the cell-specific configuration in SIB2.
[bookmark: _Toc20838001][bookmark: _Toc21051243]Add CRS-ChEstMPDCCH-Config-r16 in SystemInformationBlockType2-BR.
This IE is still missing other details on the configuration for using CRS for MPDCCH, pending RAN1 progress. The rest of the required parameters can be added to the IE, and the UE can interpret it being for IDLE or CONNECTED mode depending if it is transmitted in SIB2 or in RadioResourceConfigDedicated.
Note that according to the past agreements the following should be clarified:
[bookmark: _Toc20838002][bookmark: _Toc21051244]When transmitted in SIB2, CRS-ChEstMPDCCH-Config shall contain both powerOffset to be applied to IDLE and CONNECTED mode and the CRS configuration to be applied at least to IDLE mode.
[bookmark: _Toc20838003][bookmark: _Toc21051245][bookmark: _Hlk21006958]When transmitted in RadioResourceConfigDedicated, CRS-ChEstMPDCCH-Config shall contain only the CRS configuration to be applied only for CONNECTED mode.
In other words, the powerOffset is configured only through SIB2 both for IDLE and CONNECTED mode.
3	Conclusion
In the previous sections we made the following observations: 
Observation 1	Legacy mechanisms can manage the case of an update of the broadcasted configuration.

Based on the discussion in the previous sections we propose the following:
Proposal 1	When configuration in idle mode is not broadcasted, UE shall consider the feature disabled.
Proposal 2	Confirm the working assumption for the broadcasted configuration to be valid for connected mode if there is no dedicated configuration.
Proposal 3	The dedicated configuration is released when UE is released/suspended and when cell is changed.
Proposal 4	Add CRS-ChEstMPDCCH-Config-r16 in SystemInformationBlockType2-BR.
Proposal 5	When transmitted in SIB2, CRS-ChEstMPDCCH-Config shall contain both powerOffset to be applied to IDLE and CONNECTED mode and the CRS configuration to be applied at least to IDLE mode.
Proposal 6	When transmitted in RadioResourceConfigDedicated, CRS-ChEstMPDCCH-Config shall contain only the CRS configuration to be applied only for CONNECTED mode.
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