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1. Introduction
In RAN #80 meeting, new WID on Rel-16 MTC enhancements for LTE was agreed [1]. One of the objectives is improved DL transmission efficiency and/or UE power consumption.
· Specify MPDCCH performance improvement by using CRS at least for connected mode [RAN1, RAN2, RAN4]

In this contribution, we discuss the MPDCCH performance improvement by using CRS.
2. Discussion on MPDCCH performance improvement
In Rel-15 eMTC, a BL/CE UE demodulates MPDCCH based on DMRS. Both CRS and DMRS are transmitted in every valid MPDCCH subframe. In order to improve the performance, it is considered to utilize CRS resources for MPDCCH demodulation. Regarding utilization of CRS for MPDCCH demodulation, two schemes are given below:
· Alt 1: CRS based demodulation

· Alt 2: CRS+DMRS based demodulation

These two schemes have their own advantages and disadvantages. 
2.1 CRS based demodulation

1) Benefits
When CRS based demodulation is applied in receiver, DMRS is not needed for MPDCCH demodulation. In this case, REs occupied by legacy DMRS can be used for MPDCCH transmission. Thus, MPDCCH demodulation performance can be improved due to the lower code rate. 

CRS based demodulation without DMRS can save 24 REs in a PRB pair. It is assumed that resource saving proportion is equal to the ratio of saved number of DMRS REs to the number of MPDCCH REs. For different configurations of MPDCCH starting symbol, the resource saving proportions for CRS based demodulation are shown in Table 1. It can be observed that CRS based demodulation can save DMRS resource overhead in range of 15.38% ~18.18%.
Table 1 Resource saving proportion for CRS based demodulation (Normal CP)
	
	Case 1
	Case 2
	Case 3

	MPDCCH starting symbol
	1
	2
	3

	Number of MPDCCH REs
	156
	144
	132

	Number of saved DMRS REs
	24
	24
	24

	Resource saving proportion
	15.38%
	16.67%
	18.18%


Observation 1: For CRS based MPDCCH demodulation, legacy DMRS REs can be used for MPDCCH transmission.
2) Specification impacts
· Resource mapping

The existing mapping of EREG to RE is based on DMRS pattern. There are 16 EREGs, numbered from 0 to 15, per physical resource block pair. All of the resource elements are numbered, except resource elements carrying DMRS for antenna ports 
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 for normal CP. In a physical resource block pair, resource elements are numbered cyclically from 0 to 15 in an increasing order of first frequency, then time. All resource elements with number 
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 in that physical resource-block pair constitutes EREG number 
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. The pattern of EREG-to-RE mapping is shown in Figure 1.
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Figure 1 Mapping of EREG to RE based on DMRS pattern
From Figure 1, when DMRS is removed, the mapping of EREG to RE based on DMRS pattern is not applicable any more. Hence, CRS based MPDCCH demodulation needs to re-design the mapping of EREG to RE. 
Observation 2: For CRS based MPDCCH demodulation, if DMRS REs are used for MPDDCH transmission, there is a need to re-design the mapping of EREG to RE.
· Transmission mode

· Precoding

Since DMRS has precoding processing in transmitter, DMRS based demodulation does not require precoding information in receiver. The precoding matrix which is transparent to UE can be configured by eNB. However, CRS is not precoded in eNB, so the precoding information is necessary for CRS based MPDCCH demodulation. Therefore, it is an important issue how to acquire precoding information for MPDCCH demodulation by using CRS, including CRS based demodulation and CRS+DMRS demodulation. 
If precoding matrix is based on a certain rule and the UE is aware of this rule, the, UE can acquire the precoding matrices used by MPDCCH. 
· SFBC

SFBC transmit diversity requires the paired data are mapped on adjacent subcarriers in frequency because UE assumes the channel estimation of paired SFBC data are same. Due to the inherent resource mapping method, some MPDCCH configurations cannot satisfy this SFBC requirement. In particular, when the data does not fill the PRB pair, e.g., aggregation level = 2 ECCE (8 EREG), it cannot be ensured that the paired SFBC data are mapped on adjacent subcarriers. Whereas, when the data fills the PRB pair, e.g., localized MPDCCH with aggregation level = 4 ECCE (16 EREG), SFBC transmit diversity can be performed directly. Moreover, the mapping to resource elements on an antenna port meets the increasing order of first frequency, then time.
Observation 3: Precoding and SFBC can be used for CRS based MPDCCH demodulation.

· Backward Compatibility

In order to guarantee the backward compatibility to legacy UE, the default setting is DMRS based demodulation in MPDCCH common search space. Thus, MPDCCH can be demodulated by both Rel-16 MTC UEs and legacy UEs. In MPDCCH UE-specific search space, a legacy UE still use DMRS based demodulation. And a Rel-16 MTC UE can be configured to use CRS based MPDCCH demodulation. 
2.2 CRS+DMRS based demodulation
1) Benefits
CRS+DMRS based MPDCCH demodulation represents that CRS and DMRS combined channel estimation is performed in receiver. In this case, the UE has more reference signals used for channel estimation. The increase of reference signals facilitates more effective noise suppression and more linear channel filtering. 
Observation 4: CRS+DMRS based demodulation can improve channel estimation performance.
2) Specification impacts
· Transmission mode

For precoding transmission mode, since CRS is not precoded, CRS and DMRS combined demodulation also has the requirement of acquiring precoding information. Then, the same resolution as in CRS based MPDCCH demodulation can be considered. For SFBC transmit diversity, SFBC data are demodulated based on CRS, but not DMRS. So SFBC cannot be applied for CRS and DMRS combined demodulation.
· Power offset of DMRS over CRS
When CRS+DMRS based MPDCCH demodulation is used in receiver, the channel estimation based on DMRS is equal to the product of channel estimation based on CRS and precoding matrix. Meanwhile, the power offset of DMRS over CRS is needed for CRS and DMRS combined channel estimation. If DMRS transmit power is different from CRS, DMRS based channel is equal to the product of CRS based channel, precoding matrix and ratio of DMRS and CRS power. Thus, CRS and DMRS combined MPDCCH channel estimation slightly increases the complexity for BL/CE UEs.
Observation 5: CRS+DMRS based MPDCCH demodulation slightly increases the complexity for BL/CE UEs.
· Backward compatibility

Regarding backward compatibility, the following three options for MPDCCH common search space demodulation can be considered.

· Option 1: DMRS based demodulation

DMRS based demodulation is used for both Rel-16 and legacy UEs in MPDCCH CSS.

· Option 2: CRS+DMRS based demodulation
CRS+DMRS based MPDCCH modulation is used for Rel-16 UEs and DMRS based MPDCCH modulation is used for legacy UEs in MPDCCH CSS.

· Option 3: SIB indication
The default setting is DMRS based MPDCCH demodulation for both Rel-16 UEs and legacy UEs in MPDCCH CSS. And CRS+DMRS based MPDCCH demodulation can also be used for Rel-16 UEs through SIB indication.
For MPDCCH UE-specific search space, legacy UEs still use DMRS based MPDCCH demodulation. And Rel-16 UEs can use CRS+DMRS based MPDCCH demodulation though signalling indication.
From the above analysis, it can be observed that both CRS based MPDCCH demodulation and CRS+DMRS based MPDCCH demodulation have their own advantages and disadvantages. The performance of both needs to be further evaluated.
Proposal 1: The performance of CRS based MPDCCH demodulation and CRS+DMRS based MPDCCH demodulation needs to be further evaluated.
2.3 Simulation assumptions
MPDCCH demodulation performance using different reference signals should be evaluated, including DMRS based demodulation, CRS based demodulation and CRS+DMRS based demodulation. To evaluate the performance under different resource saving proportions, at least three MPDCCH configurations should be considered. The first is the case of high resource saving proportion, e.g., localized MPDCCH, aggregation level = 4 ECCE (16 EREG), CFI=3. The second is the case of low resource saving proportion, e.g., localized MPDCCH, aggregation level = 4 ECCE (16 EREG), CFI=1. The third configuration is that MPDCCH data do not fill PRB, e.g., distributed MPDCCH, aggregation level = 2 ECCE (8 EREG), bandwidth = 4 PRBs. Other simulation configurations are not precluded.
For CRS based MPDCCH demodulation, it should be assumed that all of the REs in a PRB pair are numbered by EREG, including the existing DMRS REs. Thus, except for legacy PDCCH region and CRS REs, all the REs in a PRB can be used for MPDCCH transmission.
In addition, specific time-frequency combined channel estimation mechanisms should be considered. Channel estimation can be based on single subframe for non-repetition mode, multi-subframe combination for repetition mode, single PRB for DMRS based demodulation and multi-PRB combination for CRS based demodulation. In order to verify performance gain, different time-frequency combined channel estimation mechanism should be investigated.

Proposal 2: Simulation assumptions should be unified for evaluation of MPDCCH performance with CRS.
3. Conclusion

In this contribution, we have discussed the MPDCCH performance improvement by using CRS and the corresponding simulation assumptions. We have the following observations and proposals:
Observation 1: For CRS based MPDCCH demodulation, legacy DMRS REs can be used for MPDCCH transmission.

Observation 2: For CRS based MPDCCH demodulation, if DMRS REs are used for MPDDCH transmission, there is a need to re-design the mapping of EREG to RE.

Observation 3: Precoding and SFBC can be used for CRS based MPDCCH demodulation.

Observation 4: CRS+DMRS based demodulation can improve channel estimation performance.

Observation 5: CRS+DMRS based MPDCCH demodulation slightly increases the complexity for BL/CE UEs.

Proposal 1: The performance of CRS based MPDCCH demodulation and CRS+DMRS based MPDCCH demodulation needs to be further evaluated.

Proposal 2: Simulation assumptions should be unified for evaluation of MPDCCH performance with CRS.
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