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1	Introduction
At previous meeting, RAN4 had initial discussions MPDCCH performance improvement using following two different work item objectives as follows [1]:
	Improved DL transmission efficiency and/or UE power consumption:
· Specify support for mobile-terminated (MT) early data transmission (EDT) [RAN2, RAN3]
· [bookmark: _Hlk515907705]Specify quality report in MSG3 at least for EDT [RAN1, RAN2]
· Specify MPDCCH performance improvement by using CRS at least for connected mode [RAN1, RAN2, RAN4]
· Specify support for UE-group wake-up signal (WUS) [RAN1, RAN2, RAN4]
..
Stand-alone deployment:
· Enable the use of LTE control channel region for DL transmission (MPDCCH/PDSCH) to BL/CE UEs [RAN1, RAN2, RAN4]
· This deployment mode should support legacy operation for legacy BL/CE UEs.



Based on the discussions, following high-level agreements were reached [2]:
	MPDCCH performance improvement:
· RAN4 is to discuss whether to define new RLM requirements and/or test cases for UEs capable of using CRS and DMRS for MPDCCH demodulation if significant gain is achieved compared to Rel-13 MPDCCH demodulation (DMRS based)
Stand-alone deployment:
· RAN4 is to discuss whether to define new RLM requirements and/or test cases for UEs operating under standalone deployment, i.e. using LTE control region for MPDCCH transmission. 



In this contribution we further discuss above agreements and provide our view on RRM impact and potential RRM work.  
[bookmark: _Ref178064866]2	Discussion
MPDCCH improvement
BL/CE UEs need to monitor the BL/CE UE specific control channel called MPDCCH. MPDCCH transmits the downlink control information (DCI) which indicates the BL/CE UE specific information such as PDSCH repetition number or used narrowband(s) as well as MCS and transmission mode. Since release 13, MPDCCH is based on the LTE EPDCCH and it uses the demodulation reference signal (DMRS) for demodulation. 
In release 16, 3GPP is going to improve the MPDCCH demodulation performance by using cell-specific reference signal (CRS) also on top of DMRS. This means UE can use both DMRS and CRS for channel estimation, and it could improve the MPDCCH decoding performance especially in low SNR condition. 
The main difference between DMRS-based transmission and CRS-based transmission is the precoder. For DMRS-based transmission, eNB applies the same precoder to MPDCCH symbols and its DMRS, and therefore UE does not need to know the precoder information. On the other hand, CRS is common for all the network, UE cannot use CRS for MPDCCH demodulation without knowledge of the precoder. 

Simulation results
We have made an assessment of the achievable performance gain by using both DMRS and CRS for channel estimation compared to using only DMRS. For that, we have estimated the channel separately based on CRS and then combined the obtained result with the channel estimation based on DMRS, considering the mapping between CRS ports and DMRS ports. Figure 1 and Figure 2 show examples of the BLER performance for localized and distributed MPDCCH, respectively. In these simulations, we have considered four transmitter antennas with 4 CRS ports, an MPDCCH-PRB-set with 4 PRBs using aggregation level 16, 128 subframe repetitions and ETU 1Hz channel model. In these examples, the mapping between CRS and DMRS ports is constant over the transmissions by using a fixed precoder corresponding to index 0 in LTE Rel-8 codebook. As can be seen from both figures, by using CRS in addition to DMRS, the BLER performance of MPDCCH improves for both localized and distributed transmission. At 2% BLER, the performance improves by ~2.5 dB for localized and by ~2 dB for distributed transmission. These are important gains which can help to improve current RLM performance. 
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[bookmark: _Ref525914526][bookmark: _Ref942259]Figure 1. BLER performance of localized MPDCCH, considering channel estimation based on DMRS and CRS.
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[bookmark: _Ref942265]Figure 2. BLER performance of distributed MPDCCH, considering channel estimation based on DMRS and CRS.
· Observation #1: Significant MPDCCH BLER performance can be achieved when considering channel estimation based on DMRS and CRS.

For distributed transmission, two DMRS ports are used, and the RE mapping is done such that the MPDCCH resource elements are mapped to the DMRS ports in an alternating fashion. For localized transmission, only one DMRS port is used, but when the eNB has multiple transmit antennas, the transmission signal can be precoded such that beamforming towards the UE can be achieved. However, RAN1 is currently discussing the precoder usage and the different options to apply. Therefore, RAN4 evaluation for RLM improvement using MPDCCH improvement using both DMRS and CRS should be revisited after further RAN1 progress.

· Proposal #1: RAN4 shall evaluate the MPDCCH BLER performance based on RAN1 agreement on precoder options. 

Radio link monitoring improvement
In current specification, UE assumes following certain set of MPDCCH transmission parameters when evaluating the radio link for RLM [3]:
Table 7.19.2-1 M-PDCCH transmission parameters for out-of-sync and in-sync for UE category M1 with CE mode A
	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.



Table 7.19.2-2 M-PDCCH transmission parameters for event E1 and event E2 for UE category M1 with CE mode A
	Attribute
	Event E1
	Event E2

	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/[2] Note1
	Rmax/[8] Note1

	Aggregation level (ECCE)
	L’max-[1]Note2
	L’max-[2]Note2

	M-PDCCH Transmission type
	Distributed
	Distributed

	NOTE 1:	Rmax is determined by the configurable parameter mPDCCH-NumRepetition defined in 36.331 and Rmax ≥ 2 to trigger Event E1 and Rmax ≥ 8 to trigger Event E2.
NOTE 2:	L’max-1 and L’max-2 is derived from the configurable parameter numberPRB-Pairs defined in 36.331. L’max-1 is 16, 8 and 4, if numberPRB-Pairs is 6, 4 and 2, respectively. L’max-2 is the aggregation level one level below L’max-1, and L’max-2 is 8, 4 and 2, if numberPRB-Pairs is 6, 4 and 2, respectively.



Similar transmission parameter table exists also for enhanced coverage. If MPDCCH based on both DMRS and CRS is used for RLM, these tables may need to be updated or separate table may need to be introduced to account for the new parameters. 
Moreover, performing RLM based on MPDCCH assuming both DMRS and CRS can be more complicated compared to only performing RLM based on CRS. Therefore, it is advantageous to perform RLM based on MDPCCH assuming DMRS and CRS only when the radio conditions are quite bad, e.g. upon triggering of earlyOutofSync (E1) event. 
Stand-alone deployment
For MPDCCH performance improvement using the LTE control region in the standalone deployment scenario, we refer to the simulations and observations presented in [4]. It was observed in this paper that in typical standalone deployment scenarios, the MPDCCH performance utilizing rate-matching MPDCCH to all 14 OFDM symbols is comparable to that of configuring LTE control region to as small as possible. 
In our view, the MPDCCH performance improvement using the LTE control region is relatively small compared to the achievable MPDCCH performance gain using both DMRS and CRS. Thus our preference is to evaluate the RLM performance gain by utilizing the MPDDCH decoding using both DMRS and CRS.
3	Conclusion
In this contribution we have discussed MPDCCH performance improvement using DMRS and CRS based on the agreed way forward. Based on the discussions, we have made following observation and proposal:
· Observation #1: Significant MPDCCH BLER performance can be achieved when considering channel estimation based on DMRS and CRS.
· Proposal #1: RAN4 shall evaluate the MPDCCH BLER performance based on RAN1 agreement on precoder options. 
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