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1. Introduction
In the RAN #80 meeting, the following Rel-16 MTC enhancement for LTE was approved as part of a work item [1]. 
Improved DL transmission efficiency and/or UE power consumption:
· Specify MPDCCH performance improvement by using CRS at least for connected mode [RAN1, RAN2, RAN4]
Related to this agenda, the following agreements were made in RAN1#94 meeting [2].
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.
In this contribution, we discuss using CRS for MPDCCH performance improvement.
2. Discussion
In the previous meeting, it was agreed that using CRS for MPDCCH performance improvement is supported for USS and Type0-MPDCCH CSS and it is enabled/disabled via dedicated or broadcast RRC. And also there was an agreement that the relation between the MPDCCH DMRS and CRS is to be defined for enabling improved channel estimation with the details left for further study. In this section we present our views on the relation between the MPDCCH DMRS and CRS, the configuration of the relation, and enabling/disabling of using CRS for MPDCCH performance improvement. 
2.1 The relation between the MPDCCH DMRS and CRS
To improve the MPDCCH performance using CRS, it seems beneficial if a UE can use the channel estimation result obtained using CRS for demodulation of the MPDCCH to be monitored. However, as the CRS is non-precoded while the MPDCCH DMRS is precoded, the channel estimates obtained from the CRS cannot be directly combined with those from the MPDCCH DMRS to improve the channel estimation performance. To solve this problem with the minimal impact on the LTE and the legacy eMTC devices, the MPDCCH DMRS with the known precoding can be considered. Once the precoding for MPDCCH DMRS is known to the UE, the precoding can be decoupled from the channel estimates using precoded MPDCCH DMRS and therefore the ‘actual’ channel can be estimated which can be directly combined with the channel estimates using the non-precoded CRS. There are a few options for the MPDCCH DMRS with the known precoding.
· Option 1) Fixed precoding-based MPDCCH DMRS (predefined in the specification)
· Option 2) Codebook-based MPDCCH DMRS
· Option 3) MPDCCH DMRS precoder cycling
The option 1) is to predefine in the specification the fixed precoding of the MPDCCH DMRS. Using the information on the fixed precoding, the UE can decouple the fixed precoding from channel estimates obtained from the MPDCCH DMRS so that the channel estimates after decoupling can be directly combined with the channel estimates obtained from the CRS. However, option 1) restricts the flexibility of eNB scheduling, e.g., by not allowing beamforming techniques for MPDCCH transmission. Option 2) provides a trade-off between the eNB scheduling flexibility, by allowing beamforming based on the codebook, and the signaling overhead. The option 2) provides a number of precoding options to the eNB via a codebook and the selection of the precoding matrix in a codebook is signaled to the UE enabling via e.g., higher layer signaling. Depending on the number of ports used for CRS transmission, different codebooks can be defined. Or, the codebooks already defined for CRS or for PMI feedback using CSI-RS can be reused. There are cases where the PMI feedback is not configured or unavailable. Option 3) may be useful as it provides the space diversity gain for that case. The precoding matrix of MPDCCH DMRS selected per each time unit cycles through the precoding matrices within the codebook or a subset of the codebook. The time unit for precoder cycling can be a subframe or an integer multiple of subframes. The sequence of precoding matrices for the precoder cycling can be indicated to the UE, e.g., by higher layer signaling.
Proposal 1: 
The MPDCCH DMRS with the known precoding is proposed for MPDCCH performance improvement.
The following options for the MPDCCH DMRS with the known precoding are proposed for further consideration:
· Option 1) Fixed precoding-based MPDCCH DMRS (predefined in the specification)
· Option 2) Codebook-based MPDCCH DMRS
· Option 3) MPDCCH DMRS precoder cycling
One of the FFS point regarding the relation between the MPDCCH DMRS and CRS is, when we say “define the relation between the MPDCCH DMRS and CRS”, whether the ‘definition’ means predefined in specification or done by signalling. Depending on the options (Options 1), 2) and 3) above), the definition can be different. For option 1), the relation is defined by predefining the precoding of the MPDCCH DMRS in the specification. For option 2) and 3), the codebook is predefined in the specification, but the selection of the precoding matrix or the sequence of the precoding matrix is indicated e.g., by higher layer signaling.
2.2 Configuration for MPDCCH performance improvement
[bookmark: _GoBack]In our view, the use of CRS for MPDCCH performance improvement is a UE capability that needs to be reported to eNB. Then, based on the capability reporting from UEs in the cell, the eNB configures the relation between the MPDCCH DMRS and CRS to each UE via UE-specific RRC signaling. When the relation is configured UE specifically, the eNB may additionally refer to the reports from the UEs such as RSRP/RSRQ measurement, CSI feedback, etc. for more sophisticated control taking into account the expected channel condition that the UE is experiencing. Also, as the CSI feedback is not available for CE mode B and the distributed transmission of MPDCCH is more likely to be adopted for CE mode B, the configuration for the relation between the MPDCCH DMRS and CRS can be different for CE mode A and CE mode B. For example, for CE mode B, either fixed precoding-based MPDCCH DMRS (option 1) or MPDCCH DMRS precoder cycling (option 3) can be applied for MPDCCH transmission. On the other hand, for CE mode A, eNB may want to benefit from the localized beamforming for UE multiplexing or for channel dependent scheduling gain, and therefore either codebook-based MPDCCH DMRS (option 2) or precoded CRS can be applied for MPDCCH transmission. For the precoded CRS, the same precoding as the MPDCCH DMRS is applied to CRS. For those reasons above, separate configuration per CE mode can be considered. For similar reasons, the configuration can be different depending on whether the MPDCCH is either localized or distributed. Additionally, the configuration can also be different depending on TM. For example, if the MPDCCH is intended for scheduling the PDSCH with TM 6 or TM 9, as they are intended for single layer beamforming, the configurations applied to the CE mode A above can be applied. Else if the MPDCCH is intended for scheduling the PDSCH with TM 2 (transmit diversity), the configurations applied to the CE mode B above can be applied.
2.3 Enabling/disabling of using CRS for MPDCCH performance improvement
The enabling/disabling of using CRS for MPDCCH performance improvement can also be configured via UE-specific RRC signaling. However, for CSS carrying DCIs both for the devices capable of using CRS for MPDCCH performance improvement and for the legacy devices (e.g., legacy eMTC, non-BL UE in CE mode and LTE), or for CSS carrying DCIs for multiple devices, the UEs capable of using CRS for MPDCCH performance improvement can assume different relation between MPDCCH DMRS and CRS than the UE-specific RRC configuration. For example, for Type1/1A/2/2A-MPDCCH CSS, even though the UE is configured (e.g., via UE-specific RRC configuration) to use the CRS for MPDCCH performance improvement, the UE is expected to use only MPDCCH DMRS for MPDCCH demodulation (effectively, using CRS for MPDCCH performance improvement is disabled in this case). The reason is that the relation between the MPDCCH DMRS and CRS configured UE-specifically to the UE capable of using CRS for MPDDCH performance improvement may not directly applicable to legacy UEs (e.g., legacy eMTC, non-BL UE in CE mode and LTE) monitoring the same CSS. Or at least the precoding of the MPDCCH DMRS (and therefore the relation between the MPDCCH DMRS and CRS) should not change for the number of subframes cell-specifically configured for legacy eMTC UEs.
Proposal 2: 
The enabling/disabling of using CRS for MPDCCH performance improvement and the relation between MPDCCH DMRS and CRS are configured via UE-specific RRC signaling.
· FFS separate configuration per CE mode (or CE level), transmission mode, or localized/distributed MPDCCH transmission
Proposal 3: 
For Type1/1A/2/2A-MPDCCH CSS, even though the UE is configured (e.g., via UE-specific RRC configuration) to use the CRS for MPDCCH performance improvement, the UE is expected to use only MPDCCH DMRS for MPDCCH demodulation.
For the case where the Rel-16 UE capable of using CRS for MPDCCH performance improvement and higher layer configured to use CRS for MPDCCH performance improvement encounters a subframe that the CRS cannot be expected, e.g., MBSFN subframe, the UE behaviour needs to be defined. We can define the UE behaviour for that case in such a way that the UE is expected to use only MPDCCH DMRS for MPDCCH demodulation even though the UE is configured to use the CRS for MPDCCH performance improvement (i.e., fallback to legacy eMTC operation). When the MPDCCH transmission is repeated, either the UE behaviour defined above applies only to the subframe(s) that CRS cannot be expected during the repetitions, or it applies to the whole repetitions for easier operation at the receiver.
Proposal 4: 
When the Rel-16 UE capable of using CRS for MPDCCH performance improvement and higher layer configured to use CRS for MPDCCH performance improvement encounters a subframe that the CRS cannot be expected, e.g., MBSFN subframe, the UE is not expected to use the CRS for MPDCCH performance improvement.
To support using CRS from the random access procedure in idle mode, e.g., for faster MPDCCH demodulation, it can also be considered that the UE is configured to use CRS for MPDCCH performance improvement via broadcast RRC signaling (e.g., SIB or SI messages).
3. Conclusion
In this contribution, we discussed the relation between the MPDCCH DMRS and CRS, the configuration of the relation, and enabling/disabling of using CRS for MPDCCH performance improvement. Our proposals are as follows.
Proposal 1: 
The MPDCCH DMRS with the known precoding is proposed for MPDCCH performance improvement.
The following options for the MPDCCH DMRS with the known precoding are proposed for further consideration:
· Option 1) Fixed precoding-based MPDCCH DMRS (predefined in the specification)
· Option 2) Codebook-based MPDCCH DMRS
· Option 3) MPDCCH DMRS precoder cycling
Proposal 2: 
The enabling/disabling of using CRS for MPDCCH performance improvement and the relation between MPDCCH DMRS and CRS are configured via UE-specific RRC signaling.
· FFS separate configuration per CE mode (or CE level), transmission mode, or localized/distributed MPDCCH transmission
Proposal 3: 
For Type1/1A/2/2A-MPDCCH CSS, even though the UE is configured (e.g., via UE-specific RRC configuration) to use the CRS for MPDCCH performance improvement, the UE is expected to use only MPDCCH DMRS for MPDCCH demodulation.
Proposal 4: 
When the Rel-16 UE capable of using CRS for MPDCCH performance improvement and higher layer configured to use CRS for MPDCCH performance improvement encounters a subframe that the CRS cannot be expected, e.g., MBSFN subframe, the UE is not expected to use the CRS for MPDCCH performance improvement.
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