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[bookmark: _Toc4580638]1	Introduction
The Rel-16 work item (WI) on “Additional MTC enhancements for LTE” [1] has the following:
	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 and RAN1#97) reached the following agreements relevant to RAN2 [2]: 
RAN1#94bis:
	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).



RAN1#95:

	Agreement 
For localized/distributed MPDCCH, the predefined mapping between CRS ports and MPDCCH ports is based on precoder cycling across time and frequency domain. FFS the details.
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.


RAN1#96bis:
	Agreement
When CSI-based precoding is configured:
· The UE monitors a set of MPDCCH candidates assuming the mapping between DMRS and CRS ports is based on a previously reported PMI. 
· FFS details, including delay for applicability of PMI.
· A fallback mechanism is supported. The details of the fallback mechanism are FFS.
Agreement
For precoding cycling for 2Tx antennas, predefine one precoder set which consists of 2 existing precoders.  FFS: Which of the two precoder among the existing 2TX precoders are used.
Agreement
For precoding cycling for 4Tx antennas, predefine one precoder set which consists of 4 existing precoders. FFS: Which of the four precoder among the existing 4TX precoders are used.


RAN1#97:
	Agreement
When CSI-based precoding is configured, use predefined precoding cycling as the fallback mechanisms.
· FFS: Details on fallback mechanism
Agreement
For precoder cycling for distributed MPDCCH, select one options for precoding in RAN1#98
· Option 1: Based on rank-1 precoders
· Option 2: Based on rank-2 precoders
Companies are encouraged to submit simulation results.
Agreement
Precoders with indices 0, 1 consist of the precoder set for 2Tx
Agreement
If n is the last subframe in which PMI is reported, the reported precoder is applied to a set of MPDCCH candidates for mapping between CRS port and MPDCCH DMRS port in subframe n+4 
Agreement
For precoder cycling, at least the granularity of 1 PRB in frequency domain is supported. 
· FFS: whether other granularities are supported or not.



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 the RAN1 progress and how to proceed from RAN2 point of view. This paper is a resubmission of [4].
[bookmark: _Ref178064866][bookmark: _Toc4580639]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 during the RA procedure prior to entering the connected mode.
[bookmark: _Toc4580641]2.1	RAN1 progress
[bookmark: _GoBack]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
Even though precise information on the size of these objects is not defined, it is reasonable to assume that the total number of bits required is in the order of few tens of bits for SIB2 and few bits for UE-specific signalling.
Currently all the configurations related to MPDCCH are spread into different messages and IEs based on which function is associated with a particular search space as shown in the list below. For simplicity configurations related to SC-MTCH and SC-MCCH are omitted [5].
· SIB1
· Downlink frequency hopping parameters for MPDCCH/PDSCH of paging, MPDCCH/PDSCH of RAR/Msg4 and unicast MPDCCH/PDSCH
· SIB2
· Configuration for CSS for Paging
· Configuration for CSS for RAR, Msg3 and Msg4 for EDT access
· Configuration for CSS for RAR, Msg3 and Msg4 for non-EDT access
· RRCConnectionReconfiguration
· Information relevant to mobility
· Reconfiguration of UE-SS (RadioResourceConfigDedicated)
· RRCConnectionSetup
· Configuration of UE-SS (RadioResourceConfigDedicated)
In connected mode it should be possible to configure MPDCCH, during first connection, through RRCConnectionSetup, whereas RRCConnectionReconfiguration may be used to update the configuration once connected. Both messages contain the IE RadioResourceConfigDedicated defining UE-SS configuration. This IE can be modified to include the new configurations.
[bookmark: _Toc16760106]RadioResourceConfigDedicated IE is extended to provide MPDCCH configuration for connected mode.
Many general aspects of the feature are still under discussion in RAN1 (i.e. there are many FFSs still being discussed), thus beyond above, there is not much RAN2 should address at this point of time. 
[bookmark: _Toc517009][bookmark: _Toc4157671][bookmark: _Toc4580733][bookmark: _Toc4580740][bookmark: _Toc4580829][bookmark: _Toc4711461][bookmark: _Toc16760105]Most signalling and configuration details are still being discussed in RAN1.
[bookmark: _Toc16760107]RAN2 should wait for further progress in RAN1 before agreeing on further details on the information to be transmitted in the extended messages
[bookmark: _Toc16240854][bookmark: _Toc16240876][bookmark: _Toc16240983][bookmark: _Toc16673122][bookmark: _Toc16673141][bookmark: _Toc16673160][bookmark: _Toc16673180][bookmark: _Toc16673199][bookmark: _Toc16673219][bookmark: _Toc16673239][bookmark: _Toc16673275][bookmark: _Toc16674832][bookmark: _Toc16674855][bookmark: _Toc16674881][bookmark: _Toc16674899]
Conclusion
In the previous sections we made the following observations: 
Observation 1	Most signalling and configuration details are still being discussed in RAN1.

Based on the discussion in the previous sections we propose the following:
Proposal 1	RadioResourceConfigDedicated IE is extended to provide MPDCCH configuration for connected mode.
Proposal 2	RAN2 should wait for further progress in RAN1 before agreeing on further details on the information to be transmitted in the extended messages
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