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1	Introduction
RAN4#91 agreed with the way forward on MPDCCH performance improvement for RLM in Rel-15 eMTC [1]:
	· RAN4 shall wait for further RAN1 progress related to MPDCCH design (e.g. precoder options)
· RAN4 shall aim to agree on simulation assumptions based on further progress on MPDCCH design at RAN4#92 meeting conditioned on RAN1 progress.
· RAN4 shall then start evaluating the MPDCCH BLER performance based on the agreed simulation assumptions.



According to WF, we discuss the simulation assumption for improved MPDCCH based RLM. 
2	Discussion
Table 1 shows the MPDCCH parameters for Rel-13 RLM (TS36.133 7.6.2). 
[bookmark: _Ref14971092]Table 1 MPDCCH parameters for Rel-13 RLM.
	Attribute
	Out-of-sync
	In-sync

	DCI format
	6-1A
	6-1A

	Starting OFDM symbols
	2; Bandwidth >= 10MHz
3; 3MHz <= Bandwidth < 10MHz
4; Bandwidth = 1.4MHz
	2; Bandwidth >= 10MHz
3; 3MHz <= Bandwidth < 10MHz
4; Bandwidth = 1.4MHz

	Maximum M-PDCCH repetition level 
	Rmax Note1
	Rmax /2 Note1

	Aggregation level (ECCE)
	L’max Note2
	L’max-2Note2

	M-PDCCH Transmission type
	Distributed
	Distributed

	NOTE 1:	Rmax is determined by the configurable parameter mPDCCH-NumRepetition defined in 36.331 and Rmax>1.
NOTE 2:	L’max and L’max-2 is derived from the configurable parameter numberPRB-Pairs defined in 36.331. L’max is 24, 16 and 8, if numberPRB-Pairs is 6, 4 and 2, respectively. L’max-2 is the aggregation level two levels below L’max, and L’max-2 is 8, 4 and 2, if numberPRB-Pairs is 6, 4 and 2, respectively.



In Rel-16 MPDCCH improvement, MPDCCH uses CRS as well as DMRS for reference signals. If UE will use CRS as the reference signals for MPDCCH on top of DMRS, UE needs to know the precoder and power offset between CRS and MPDCCH DMRS, otherwise MPDCCH should not use precoding. For this issue RAN1 agreed the mapping between CRS ports and MPDCCH ports is based on precoder cycling across time and frequency domain. 
Table 2 is our proposal for MPDCCH parameters for RLM with improved MPDCCH. We reuse the sets of repetition level (RL) and aggregation level (AL) used for Rel-13 eMTC RLM test cases. For set 1 it is set to (RL, AL) = (4, 16) for OOS and (2, 4) of IS. For set 2, it is set to (RL, AL) = (8, 24) for OOS and (4, 8) for IS. We propose to reuse these values for simulation assumption.
Regarding the precoding information, considering the low operation point for out-of-synch, we propose to use Cyclic precoder, not to use CSI-based precoding. Regarding the cyclic precoder, RAN1 is still discussing the used codebook and granularity in frequency domain. RAN4 need to wait further for the RAN1 conclusion. 
[bookmark: _Ref15043463]Table 2	Proposed MPDCCH parameters for RLM with improved MPDCCH. 
	[bookmark: _Hlk16540500]Parameters
	Values

	DCI format
	6-1A (CE Mode A)

	System BW
	10MHz

	Starting OFDM symbols
	2

	(RL, AL)
	Set 1: (4, 16) for Out-of-synch and (2, 4) for In-synch
Set 2: (8, 24) for Out-of-synch and (4, 8) for In-synch

	Transmission type
	Distributed

	Channel model
	AWGN, EPA5, ETU30

	Metric
	In-synch: MPDCCH BLER of 2% 
Out-ot-synch: MPDCCH BLER of 10%

	Frequency hopping
	OFF

	Reference signal
	DMRS + CRS

	Power offset between DMRS and CRS 
	0dB

	[bookmark: _Hlk16582635]DMRS/CRS precoding
	Cyclic precoder:
Precoder granularity in frequency domain: [4]ms
Precoder granularity in time domain: TBD
Codebook: TBD



3	Conclusion
Proposal: RAN4 will use the MPDDCH parameters to evaluate MPDCCH BLER for RLM with improved MPDCCH. 
	Parameters
	Values

	DCI format
	6-1A (CE Mode A)

	System BW
	10MHz

	Starting OFDM symbols
	2

	(RL, AL)
	Set 1: (4, 16) for Out-of-synch and (2, 4) for In-synch
Set 2: (8, 24) for Out-of-synch and (4, 8) for In-synch

	Transmission type
	Distributed

	Channel model
	AWGN, EPA5, ETU30

	Metric
	In-synch: MPDCCH BLER of 2% 
Out-ot-synch: MPDCCH BLER of 10%

	Frequency hopping
	OFF

	Reference signal
	DMRS + CRS

	Power offset between DMRS and CRS 
	0dB

	DMRS/CRS precoding
	Cyclic precoder:
Precoder granularity in frequency domain: [4]ms
Precoder granularity in time domain: TBD
Codebook: TBD
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Appendix
RAN1 agreements
	RAN1#94
Agreement
CRS for improving channel estimation on USS MPDCCH is supported

[bookmark: _Toc521455643]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#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 distributed MPDCCH, predefined mapping between CRS ports and MPDCCH DMRS ports is supported.

Agreement 
[bookmark: _Hlk15043368]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
Reuse existing LTE Rel-8 codebooks for precoding of MPDCCH is the starting point.
· Unless performance gains are idenfied further optimization on top of Rel-8 codebook will not be introduced

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.

RAN1#96
Agreement
Precoding cycling in time domain with a granularity of YCH is supported. FFS whether futher values are supported in which case the granularity is configurable.

Agreement
For precoding cycling, the precoder set consists of [2 or 4] existing precoders for 2Tx antennas and 4 existing precoders for 4Tx antennas. 
FFS: The precoder set is configured or not. 

For further study
· The order and pattern of the used precoder in time and frequency domain for precoder cycling

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.

Agreement
The precoding cycling in time domain has a granularity of YCH (granularity of frequency hopping) only.
· Precoder cycling can be used even in case frequency hopping is not used as long as YCH is configured

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.
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