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1	Introduction
The Rel-16 work item (WI) on “Additional MTC enhancements for LTE” [1] has the following objectives on stand-alone deployment for LTE-MTC:
	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 reached the following agreements: 
	Agreement
CRS for improving channel estimation on USS MPDCCH is supported

Agreement
The relation between the MPDCCH DMRS and CRS is defined for enabling improved channel estimation. FFS the details on specifying the relation (e.g., whether the ‘definition’ means predefined in specification or done by signalling, relation between the CRS ports and DMRS ports, power offset between DMRS-CRS). 

Agreement
eNB enables/disables “CRS for improving channel estimation on MPDCCH” via dedicated or broadcasted RRC signaling. FFS the details on the signaling.

Agreement 
CRS for improving channel estimation on Type0-MPDCCH CSS MPDCCH is supported.



RAN1 further discussed this objective in RAN1#94bis and reached the following agreements: 
	Agreement
CRS for improving channel estimation on MPDCCH in idle mode is supported. FFS the details.
 
Agreement 
For localized MPDCCH, the following mappings are supported between CRS and DMRS:
· Predefined mapping
· Mapping based on CSI report
FFS the details.
 
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).




RAN2#103bis started the discussion on the feature from RAN2 point of view and reached the following agreement:
	RAN2#103bis agreements:
=> eNB enables CRS for improving channel estimation on MPDCCH via broadcasted RRC signalling.



In this contribution we continue the discussion on improvements for MPDCCH channel estimation from RAN2 point of view, considering the agreements made in RAN1#94bis and RAN2#103bis. 
[bookmark: _Ref178064866]2	Discussion
2.1	General observations
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. 
As already stated in the WID, the feature aims at least connected mode so that UEs having an RRC connection can use CRS for improved MPDCCH channel estimation. RAN1 agreed already in RAN1#94 that CRS for channel estimation is supported for UE-specific search spaces (USS), implying connected mode will be supported. In the next sections we elaborate on support of the feature also for idle more, and some configuration aspects from RAN2 point of view. 
Using CRS for improved MPDCCH channel estimation will be supported for connected mode in Rel-16.
2.2		Improvement for idle mode procedures
While the work item objective primarily targets connected mode, it would be beneficial to use the improvement also for idle mode procedures, such as, paging and RAR reception. In RAN1#94, the agreements considered only USS and Type0-MPDCCH CSS but RAN1#94bis made further agreement to also support idle mode:
	Agreement
CRS for improving channel estimation on MPDCCH in idle mode is supported. FFS the details.



From RAN2 perspective it would be beneficial to support as many idle mode procedures as possible to reduce the UE power consumption via shorter MPDCCH monitoring/acquisition time. A BL UE or UE in CE monitors the following RNTIs and search spaces in idle mode [2]: 
	Procedure
	Monitored RNTI
	Search space

	Paging
	P-RNTI
	Type 1 CSS

	Random access  (RAR reception)
	RA-RNTI
	Type 2 CSS

	Multicast (SC-MCCH)
	SC-RNTI
	Type 1A CSS

	Multicast (SC-MTCH)
	G-RNTI
	Type 2A CSS



As the feature affects only MPDCCH monitoring of the UEs, from RAN2 point of view there seems to be no reason why any of the above listed procedures could not be supported.
[bookmark: _Toc528670002][bookmark: _GoBack]From RAN2 point of view, CRS for improving MPDCCH channel estimation can also be used for receiving paging, random access response and for monitoring SC-MCCH and SC-MTCH in idle mode. 
2.3	Configuration aspects
In RAN2#103bis we agreed to enable the feature with broadcasted RRC signalling:
	=> eNB enables CRS for improving channel estimation on MPDCCH via broadcasted RRC signalling.



It is desired the UE could use the mapping between CRS and DMRS as early during initial setup as possible, considering idle mode procedures are supported as well. Considering that common radio resource configuration, including RA and paging related configuration, are provided in SIB2, it seems to be a natural location for the configuration and/or enabling/disabling of this feature as well. Alternatively, SIB1-BR could be considered, but there seems to be no benefit in providing the configuration there keeping in mind that MPDCCH is not used for SI reception, thus there would be no real gain in configuring or enabling the feature in SIB1-BR. 
As both SIB1-BR and SIB2 could be provided UEs in connected mode for example during handover, there should be also no concern on providing UEs in connected mode the configuration if needed.
[bookmark: _Toc528670003]Using CRS for improving MPDCCH channel estimation is enabled/disabled in SIB2. 
Depending on how RAN1 defines mappings between CRS and DMRS, at least for localized MPDCCH, some parameters may need to be provided in the configuration. Additional details require more agreements and input from RAN1. 
[bookmark: _Toc528669998]Possible additional configuration, including details configuration parameters are FFS, based on RAN1 input. 
In RAN2#103bis there was some discussion on the need or benefit of defining a UE capability for the feature, see e.g.[3]. In general, UEs could use CRS for improved MPDCCH demodulation performance whenever the feature is enabled in the cell without eNB knowing which particular UEs would use the feature. However, if the eNB would know the UE capability, it could be possible for the eNB to take this into account while scheduling MPDCCH and potentially adjust the number of repetitions. This can result in better UE performance, and better radio resource use. Therefore, we propose
[bookmark: _Toc528670004]A UE capability for support of using CRS for improving MPDCCH channel estimation is defined.
Conclusion
In the previous sections we made the following observations: 
Observation 1	Possible additional configuration, including details configuration parameters are FFS.

Based on the discussion in the previous sections we propose the following:
Proposal 1	From RAN2 point of view, CRS for improving MPDCCH channel estimation can be used for receiving paging, random access response and for monitoring SC-MCCH and SC-MTCH in idle mode.
Proposal 2	CRS for improving channel estimation is enabled/disabled in SIB1-BR.
Proposal 3	A UE capability for support of using CRS for improving MPDCCH channel estimation is defined.
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