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1. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Introduction 
A new WID on additional enhancements for eMTC was approved in RAN#80. The WID included the following objectives:
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]

This Tdoc provides our initial views on how MPDCCH performance can be improved by using CRS. It is also considered whether the use of CRS should be possible in IDLE mode as well as in CONNECTED mode.
2. Discussion
Figure 1 illustrates the Rel-15 (and earlier) mapping of REs in subframes / PRBs supporting MPDCCH. In such subframes, the REs used for CRS do not contribute to the channel estimation performance of the MPDCCH and the REs used for DMRS do not contribute to the physical channel processing performance of the MPDCCH. The Rel-16 WID objective aims to make better use of the CRS and DMRS REs. The approaches considered in this section are:
· Defining a relationship between the DMRS precoder weights and the CRS
· Using CRS for channel estimation and re-assigning DMRS REs to MPDCCH REs
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[bookmark: _Ref521505571]Figure 1 - Mapping of REs in a subframe supporting MPDCCH


2.1 Backwards Compatibility
The use of CRS for MPDCCH performance improvement should be backwards compatible for Rel-15 and earlier UEs. Hence the use of CRS for a Rel-16 UE should not impact the DMRS that are received for a Rel-15 and earlier UE.
An additional backwards compatibility issue is hardware backwards compatibility. It should be possible to implement the feature of improved MPDCCH performance by a software upgrade of a Rel-15 modem.
2.2 [bookmark: _Ref521511295]Defining DMRS to CRS precoder relationship  

The MPDCCH DMRS are randomly beamformed, where the random beamforming weight vectors are constant for  subframes [3], allowing for cross-subframe channel estimation (cross-PRB channel estimation is not supported in Release-15). In contrast, no precoding is applied to the CRS. Given that the UE does not know what beamforming weight vectors have been applied to the DMRS, the UE is unable to use the CRS in channel estimation for MPDCCH: from the perspective of channel estimation, the CRS are wasted resources.
The CRS could be used for MPDCCH channel estimation if the beamforming weight vectors that are applied to the DMRS were known. It is presumed that the beamforming weight vectors per antenna port would be fixed for a defined number of subframes (and preferably for a defined number of PRBs, allowing for cross-PRB channel estimation). The UE could then combine the channel estimates for the CRS with those for the DMRS, leading to a more robust overall channel estimate. It would be a UE implementation choice as to whether to perform this combined channel estimation.
This method of improving MPDCCH performance is expected to provide gain when the system is channel estimation limited. Figure 2 shows the REs that are available for MPDCCH channel estimation in Rel-15 (left side of figure) and the REs that would be available in Rel-16 if a DMRS to CRS precoder relationship is defined (right side of figure). The figure assumes two active antenna ports for CRS. 
· 24 REs are available for channel estimation in Rel-15
· 24 + 16 = 40REs could be available for channel estimation in Rel-16.
Assuming 3dB “power boosting” can be applied to the CRS (for each antenna port, power in one RE can be “borrowed” from the corresponding RE where the antenna port is not active), the extra power available for channel estimation with a defined DMRS to CRS precoder relationship is 3.7dB ((24+16*2)/24).
Observation: Up to 3.7dB extra power is available for channel estimation with a defined DMRS to CRS precoder relationship.    
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[bookmark: _Ref521507062]Figure 2 – Extra REs available for channel estimation when DMRS to CRS precoder relationship is defined
2.3 [bookmark: _Ref521511272]Re-use of DMRS REs for MPDCCH REs  
If CRS are used for channel estimation of MPDCCH, the REs that are currently used for DMRS could be re-assigned to acting as REs that are used for carrying modulation symbols of the MPDCCH (i.e. carrying physical channel bits that are related to the encoded DCI carried by MPDCCH).
This method of improving MPDCCH performance is expected to provide gain when the system is not channel estimation limited. The REs available for carrying modulation symbols of the MPDCCH are shown in Figure 3.
· 96 REs are available in Rel-15
· 96 + 24 = 120 REs are potentially available in Rel-16 when DMRS REs are re-used a MPDCCH REs
This extra number of REs relates to a processing gain of approximately 1dB (=120/96). Hence we would expect an SNR / MCL gain of approximately 1dB when DMRS REs are re-used for MPDCCH REs. This 1dB gain was observed[footnoteRef:1] in [2]. [1:  Note that the channels simulated in [2] are not identical to the Rel-15 channels, but the 1dB performance gain is attributed to REs not being wasted for DMRS transmission.] 
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[bookmark: _Ref521508277]Figure 3 – Extra REs available for MPDCCH REs with re-used DMRS REs
There would be issues to be resolved with re-using the DMRS REs for MPDCCH REs, including the “transport / physical channel processing” aspects, backwards compatibility with Rel-15 and the ability to apply this mapping as a software upgrade of existing modems.   
2.4 Use of CRS in IDLE mode  
The mapping between CRS and DMRS REs can be signaled in SIB. 
If SIB defines a DMRS to CRS precoder relationship (section 2.2), in IDLE mode Rel-16 UEs can make use of the CRS channel estimation resources and Rel-15 UEs can operate in a manner that is oblivious to this relationship. Hence defining a DMRS to CRS precoder relationship would seem to be applicable to both IDLE and CONNECTED modes.
If DMRS REs were re-used for MPDCCH REs (section 2.3), Rel-15 UEs would not be able to perform channel estimation. Hence re-using DMRS REs for MPDCCH REs seems to be applicable only to CONNECTED mode. 

3.   Conclusion
This Tdoc has considered how MPDCCH performance can be improved through the use of CRS. Two potential schemes have been considered:
· Indicating to UEs the relationship between the DMRS beamforming weight vectors and the CRS.
· Re-use of DMRS REs for MPDCCH resource
Factors to consider when downselecting between these schemes include performance (which can be estimated through simulation), backward compatibility for Rel-15 UEs and ability to implement the scheme through software upgrade of existing modem hardware
Proposal: Consider the following candidate techniques for MPDCCH performance improvement using CRS:
· Indicating to UE the relationship between the DMRS beamforming weight vectors and the CRS.
· Re-use of DMRS REs for MPDCCH resource
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