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1. Introduction

In RAN1#94 meeting, MPDCCH performance improvement was initially discussed. And the relevant agreements [1] can be summarized as following:
· CRS for improving channel estimation on USS MPDCCH is supported.

· The relation between the MPDCCH DMRS and CRS is defined. FFS the details on specifying the relation.

· eNB enables/disables “CRS for improving channel estimation on MPDCCH” via dedicated or broadcasted RRC signaling. FFS the details on the signaling.
· CRS for improving channel estimation on Type0-MPDCCH CSS MPDCCH is supported.
Based on these agreements, we further discuss the MPDCCH performance improvement by using CRS.
2. Discussion

Only-CRS vs. CRS+DMRS
For MPDCCH performance improvement by using CRS, the following two schemes can be used:
· Alt 1: Only-CRS based demodulation 
· Alt 2: CRS+DMRS based demodulation
Although combining CRS and DMRS based demodulation was agreed to improve channel estimation, only-CRS based demodulation has not be excluded. To compare these two schemes, we provide the following analysis and simulation results.
For only-CRS based demodulation, DMRS is not needed for MPDCCH. In this case, REs occupied by legacy DMRS can be reused for MPDCCH REs. Thus, MPDCCH demodulation performance can be improved due to the lower code rate. 
However, demodulation based on only CRS needs to change MPDCCH 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.

From Figure 1, when DMRS is removed, the mapping of EREG to RE based on DMRS pattern is not applicable any more. Hence, only-CRS based MPDCCH demodulation needs to re-design the mapping of EREG to RE. 
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Figure 1 Mapping of EREG to RE based on DMRS pattern
For CRS+DMRS based demodulation, CRS is used to improve MPDCCH channel estimation. 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.
Nevertheless, for CRS+DMRS based demodulation, relation between DMRS and CRS and power offset of DMRS to CRS should be specified. Moreover, combining CRS and DMRS channel estimation slightly increases the complexity of BL/CE UEs.
Based on the simulation assumption in Table A-1, the simulation results for Alt 1 and Alt 2 are shown in Figure 2 and 3. From the simulation results, it can be observed that for MPDCCH with 4 ECCEs, only-CRS and CRS+DMRS have the similar performance. And for MPDCCH with 2 ECCEs, only-CRS is about 0.5dB better than CRS+DMRS. This is because the DCI code rate does not exceed 1/5 when MPDCCH configures larger than or equal to 4 ECCEs. In this case, the further reduction of code rate can only provide signal-to-noise ratio gain. But when MPDCCH configures 2 ECCEs with starting-symbol=3, the code rate is proximately 2/5. Due to higher code date, reducing code rate can bring additional coding gain for MPDCCH. Hence, only-CRS shows better BLER performance on MPDCCH with 2 ECCEs. 
Observation 1: MPDCCH performance improvement using CRS can provide more than 1 dB gain. 

Observation 2: For MPDCCH with larger than or equal to 4 ECCEs, only-CRS and CRS+DMRS have similar performance. For MPDCCH with 2 ECCEs, only-CRS is about 0.5dB better than CRS+DMRS. 
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Figure 2 BLER performance for MPDCCH with 4 ECCEs
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Figure 3 BLER performance for MPDCCH with 2 ECCEs
Relation between DMRS and CRS

To support CRS for improving channel estimation, the relation between MPDCCH DMRS and CRS should be defined. The following two solutions can be considered:
· Option 1: Direct mapping relation by configuration
· Option 2: Indirect mapping relation by precoding
In Option 1, DMRS port can directly be mapped to CRS port via predefined or RRC configuration. In this case, DMRS is not precoded. DMRS is equivalent to CRS. Thus, joint DMRS without precoding and CRS are used for channel estimation. This Option is applicable for antenna port switching, SFBC or precoding for data REs. If precoding transmission mode is used, the UE should know the precoding information. 
For direct mapping relation, the configuration of 1 DMRS port is not essential since DMRS has no beamforming gain. Thus, larger than or equal to 2 DMRS ports can be considered to facilitate direct mapping relation between DMRS and CRS. Moreover, precoding matrices switching among DMRS ports can bring diversity gain. In particular, 2 DMRS ports are respectively mapped to CRS Port 0 and 1 for 2 CRS ports. And for 4 CRS ports, 4 DMRS ports are respectively mapped to CRS Port 0, 1, 2 and 3 or 2 DMRS ports are respectively mapped to CRS Port 2 and 3. 
However, for direct mapping relation, there exists DMRS interference among inter-cells like CRS interference due to no precoding on DMRS. This will cause MPDCCH performance degradation for cell edge UEs. Also, no precoding on DMRS results in DMRS interference among different users in the same time-frequency domain. Hence, MU-MIMO is not applicable for direct mapping relation.
Observation 3: Direct mapping relation between DMRS and CRS will result in inter-cell DMRS interference and inter-user DMRS interference in the same time-frequency domain since there is no precoding on DMRS.

In Option 2, DMRS port is implicitly mapped to CRS port via precoding to DMRS. In this case, the relation between DMRS and CRS is indirectly indicated by precoding, no restriction of direct relation between DMRS and CRS. So precoding relation is more flexible for configuration of DMRS and CRS ports. It can be concluded that direct mapping relation is equivalent to a special case of indirect mapping relation. Additionally, if closed-loop is supported in CRS for improving channel estimation, DMRS can obtain beamforming gain. In indirect relation between DMRS and CRS, UE should know the precoding information.
Observation 4: Direct mapping between DMRS and CRS is equivalent to a special case of indirect mapping relation.
Proposal 1: Indirect mapping via precoding between DMRS and CRS is more appropriate for combining DMRS and CRS channel estimation.

Precoding scheme
In Rel-15 MPDCCH, since DMRS is precoded in transmitter, DMRS based demodulation does not require precoding information in receiver. And the precoding matrix which is transparent to UE can be configured by eNB. But CRS is not precoded in eNB, the precoding information is necessary for CRS for improving channel estimation. UE has to acquire the precoding matrices used by MPDCCH to perform combining DMRS and CRS channel estimation. Therefore, how to acquire precoding information for MPDCCH performance improvement is an important issue.

In open-loop transmission, if precoding matrix is used based on a certain rule and the UE is aware of this rule, CRS for improving channel estimation can be achieved. In this case, UE assumes that eNB adopts a predefined precoding time-frequency domain update granularity and usage order of precoding matrix. For example, precoding matrix is updated based on PRB or precoding matrix is updated based on RE or EREG when two DMRS ports are configured. The initial usage order of precoding matrix is a default setting. Meanwhile, the usage order of precoding matrix can also be updated. The updated usage order may be the cyclic shift of the initial order.
Proposal 2: Predefined precoding update granularity and usage order of precoding matrix could be applied for open-loop in order to acquire precoding information.
In CE mode A, MPDCCH localized transmission mode is mainly applied for beamforming scenarios. When the reported PMI matches propagation channel, MPDCCH can obtain up to 3dB gain for 2Tx antennas and 6dB gain for 4Tx antennas. So closed-loop transmission should be supported in localized MPDCCH. But it needs further study on how to support closed-loop in combining DMRS and CRS channel estimation. One approach to resolve this issue is UE preserves the reported PMI and assumes eNB can only configure this PMI. This approach can ensure UE is aware of the precoding matrix which is used by eNB in closed-loop transmission. But potentially incorrect uplink demodulation may cause the reported PMI which is preserved by UE is not used by eNB. Further, MPDCCH cannot be accurately decoded by UE due to incorrect PMI. To avoid this case, when the current MPDCCH is not accurately decoded, UE can demodulate this MPDCCH again based on DMRS instead of combining DMRS and CRS.

Observation 5: To ensure that UE is aware of the precoding matrix in closed-loop transmission, UE preserves the reported PMI and assumes eNB can only configure this PMI. 
Proposal 3: For improving channel estimation by using CRS, closed-loop transmission should be considered for localized MPDCCH in CE mode A.
Enable/disable “CRS for improving channel estimation”
In idle mode, CRS for improving channel estimation can be applied for Type-1 MPDCCH CSS (paging) and Type-2 MPDCCH CSS (Msg2/3/4 in random access procedure). In particular, the default setting is DMRS based demodulation in Type-1 and Type-2 CSS. And combining CRS and DMRS MPDCCH demodulation can be enabled for Rel-16 UEs via SIB indication. In connected mode, CRS for improving channel estimation can be enabled via RRC signalling.
Proposal 4: CRS for improving channel estimation on Type-1 and Type-2 MPDCCH CSS can be supported.
In addition, when CRS for improving channel estimation is used in receiver, the power offset of DMRS over CRS is needed to match CRS and DMRS channel estimation. The eNB should inform this power offset to UE via RRC dedicated signaling for USS and Type-0 CSS and SIB for Type-1and Type-2 CSS.
Proposal 5: The power offset of DMRS over CRS should be signalled via RRC dedicated signaling for USS and Type-0 CSS and SIB for Type-1and Type-2 CSS.
3. Conclusion

In this contribution, we further discuss the MPDCCH performance improvement by using CRS. And the relevant observations and proposals can be summarized as below:
Observation 1: MPDCCH performance improvement using CRS can provide more than 1 dB gain. 

Observation 2: For MPDCCH with larger than or equal to 4 ECCEs, only-CRS and CRS+DMRS have similar performance. For MPDCCH with 2 ECCEs, only-CRS is about 0.5dB better than CRS+DMRS. 

Observation 3: Direct mapping relation between DMRS and CRS will result in inter-cell DMRS interference and inter-user DMRS interference in the same time-frequency domain since there is no precoding on DMRS.

Observation 4: Direct mapping between DMRS and CRS is equivalent to a special case of indirect mapping relation.

Observation 5: To ensure that UE is aware of the precoding matrix in closed-loop transmission, UE preserves the reported PMI and assumes eNB can only configure this PMI. 

Proposal 1: Indirect mapping via precoding between DMRS and CRS is more appropriate for combining DMRS and CRS channel estimation.

Proposal 2: Predefined precoding update granularity and usage order of precoding matrix could be applied for open-loop in order to acquire precoding information.

Proposal 3: For improving channel estimation by using CRS, closed-loop transmission should be considered for localized MPDCCH in CE mode A.

Proposal 4: CRS for improving channel estimation on Type-1 and Type-2 MPDCCH CSS can be supported.
Proposal 5: The power offset of DMRS over CRS should be signalled via RRC dedicated signaling for USS and Type-0 CSS and SIB for Type-1and Type-2 CSS.
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Annex
Table A-1 Simulation assumptions for MPDCCH improvement

	Number of PRB of MPDCCH
	4 RB

	Number of antennas 
	2x2

	Channel model 
	EVA5

	Transmission type
	1) Localized; 2) Distributed

	Aggregation level
	4 ECCEs; 2 ECCEs

	Starting symbol
	3

	Number of repetition
	No repetition

	Frequency hopping
	Disable

	Precoding
	Random PMI (known by receiver)

	Power offset of DMRS to CRS
	0 dB

	Channel estimation
	Single RB and subframe
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