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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.

RAN2#107bis agreements:
· UE shall consider the feature disabled in idle mode when configuration in idle mode is not broadcasted.
· The dedicated configuration is released when UE is released to idle mode. FFS when UE is suspended.




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
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.
2.1	Configuration in general
As a general note it is observed that from RAN1 point of view the transmission of MPDCCH using the new optimization is backward-compatible. This means that, if eNB transmit MPDCCH assuming the feature is enabled, a UE that is not using the feature is still able to decode the transmission correctly although with different performance. This property should be considered in those cases where the configuration is released.
[bookmark: _Toc24035522]The feature in object is intended to be used only to improve MPDCCH decoding performance when supported. UEs not supporting, or configured with the feature disabled, can decode MPDCCH as in legacy even when eNB enabled the feature
There are two issues left to be solved regarding configuration and signalling. One is how to keep the UE configuration synchronized with eNB at all times avoiding ambiguous configurations, the second is how to configure the UE in case the dedicated configuration is missing.
Potential ambiguities can happen if the UE is moving to a new cell which is using a different configuration than the one used in the previous cell. 
When the UE resumes in a new cell from IDLE, it must have updated version of SIB1 and SIB2, thus the broadcasted configuration will be up-to-date. It can happen, though, that the saved dedicated configuration is not valid anymore, and resuming as it is would lead to an ambiguity. In such case eNB should explicitly provide a new configuration in the resume message in Msg4 which can be either a new configuration or a command to disable the feature.
During handover procedure the UE gets a new dedicated configuration, and the same concept explained above applies in order to keep the dedicated configuration up-to-date. In order to acquire the broadcasted configuration of the new cell immediately after the handover procedure, the eNB can provide SIB1 and SIB2 during the procedure itself.
Finally, in case SI and the broadcasted configuration is updated, the legacy mechanisms would handle the situation, specifically release the connection and re-acquire SI. 
In other words, it is possible to avoid any kind of ambiguity provided that the aforementioned behaviours are adopted. In the remainder of this contribution it is assumed that the UE is always up-to-date with respect to its configuration.
[bookmark: _Toc24035523]Legacy procedures can be used to avoid configuration ambiguities
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 RRC_CONNECTED mode, also according to RAN1 agreements. 
In RAN2#107bis it was agreed that if the broadcasted configuration is not transmitted the UE should consider the feature disabled in RRC_IDLE mode. The behaviour in RRC_CONNECTED, in a normal scenario, is configured through dedicated signalling, but if such signalling is not provided, we have two options on how to define the UE behaviour:
· Option A: UE shall consider the feature disabled in RRC_CONNECTED
· Option B: UE shall reuse the broadcasted configuration in RRC_CONNECTED
Considering a UE camping in a cell, assuming Option B is used, additional signalling can be avoided in all those cases where it is not necessary to change the RRC_CONNECTED configuration w.r.t. the broadcasted one, and thus it is preferable.
[bookmark: _Toc24035524]For a UE camping in a cell, assuming the broadcasted configuration is reused for CONNECTED when a dedicated one is not provided, (Option B) allows to reduce the signalling.
The only drawback of Option B is that the eNB has to provide SIB1 and SIB2 in case of a handover as mentioned above. Nevertheless, this is necessary only if the configuration of the target and source cell is different and thus it has a negligible impact.
Option A does not have neither particular advantages nor disadvantages.
Considering all these aspects we propose to agree Option B in order to reduce the signalling.
[bookmark: _Toc24035525][bookmark: _Toc23518456][bookmark: _Toc23518477][bookmark: _Toc23518329][bookmark: _Toc23518341][bookmark: _Toc23518359][bookmark: _Toc23518383]If a dedicated configuration is not provided, the UE reuses the broadcasted configuration.
2.2		Details of signaling
In the running CRs for TS 36.331, a new IE (CRS-ChEstMPDCCH-Config) in RadioResourceConfigDedicated and SystemInformationBlockType2-BR has been introduced. We assume this IE will eventually contain all the configuration related to MPDCCH improvements which will be present or not depending on whether it is a broadcasted or dedicated configuration. 
[bookmark: _Toc20838002][bookmark: _Toc24035526]When transmitted in SIB2, CRS-ChEstMPDCCH-Config shall contain the power-ratio and the CRS configuration to be applied to IDLE.
[bookmark: _Toc20838003][bookmark: _Toc24035527][bookmark: _Hlk21006958]When transmitted in RadioResourceConfigDedicated, CRS-ChEstMPDCCH-Config shall contain the CRS configuration to be applied only for CONNECTED mode.
[bookmark: _GoBack]In other words, the power-ratio is configured only through SIB2 both for IDLE and CONNECTED mode.
3	Conclusion
In the previous sections we made the following observations: 
Observation 1	The feature in object is intended to be used only to improve MPDCCH decoding performance when supported. UEs not supporting, or configured with the feature disabled, can decode MPDCCH as in legacy even when eNB enabled the feature
Observation 2	Legacy procedures can be used to avoid configuration ambiguities
Observation 3	For a UE camping in a cell, assuming the broadcasted configuration is reused for CONNECTED when a dedicated one is not provided, (Option B) allows to reduce the signalling.

Based on the discussion in the previous sections we propose the following:
Proposal 1	If a dedicated configuration is not provided, the UE reuses the broadcasted configuration.
Proposal 2	When transmitted in SIB2, CRS-ChEstMPDCCH-Config shall contain the power-ratio and the CRS configuration to be applied to IDLE.
Proposal 3	When transmitted in RadioResourceConfigDedicated, CRS-ChEstMPDCCH-Config shall contain the CRS configuration to be applied only for CONNECTED mode.
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