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1	Introduction
At RAN#80, a new Work Item (WI) on Rel-16 MTC enhancements for LTE was approved [1]. One of the work item objectives includes enhancements to MPDCCH performance for BL/CE UEs: 
	The objective is to specify the following set of improvements for machine-type communications for BL/CE UEs.
[…]
Improved DL transmission efficiency and/or UE power consumption:
· [bookmark: _Hlk515907705][…]
· Specify MPDCCH performance improvement by using CRS at least for connected mode [RAN1, RAN2, RAN4]
· […]




The topic was discussed at RAN1#94 and the following agreements were made:
Agreement
CRS for improving channel estimation on USS MPDCCH is supported

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 further discuss this work item objective.
[bookmark: _Ref178064866]2	Discussion
The contributions from different companies in RAN1#94 brought up two major mechanisms for improving MPDCCH performance, as summarized in [2]. The main track, and also the basis for the agreements from RAN1#94 listed above, is to establish a relation between the MPDCCH DMRS and the CRS, such that the reference signals can be combined in order to improve channel estimation performance and thereby the demodulation performance. Some companies also brought up the possibility to rely entirely on CRS for channel estimation and define new MPDCCH transmission schemes with new RE mappings, possibly including SFMC support. However, there are several drawbacks with this, including not being backwards compatible. This, among other things, has the negative impact that multiplexing MPDCCH for Rel-13/14/15 and Rel-16 terminals in the same PRBs becomes difficult or even impossible. Accordingly, no agreements in this direction have been made, and we propose that the work is focused only on the channel estimation improvements using CRS in addition to DMRS.  
According to the agreements listed above, the CRS is used for improving channel estimation for at least MPDCCH USS and Type0-MPDCCH CSS. All BL/CE UEs are individually configured to monitor these search spaces in one MPDCCH-PRB-set, where such a set uses either localized or distributed transmission. 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. This provides a TX diversity and, as a consequence, the actually used precoder is typically not crucial. Therefore, it was proposed in [3] to assume that a constant mapping between the CRS ports and the DMRS ports can be used. The actual mapping may then be dependent on the number of CRS ports used. The simplest case would be when 2 CRS ports are used, in which case there may for example be a one-to-one mapping between the CRS and the DMRS ports. For 1 and 4 CRS ports, some other mapping can be defined, preferably such that the transmitted energy on all CRS ports can be used for channel estimation performance improvement in a balanced way. Simulation studies may be needed for deciding the exact mapping. 
[bookmark: _Toc525914270]For distributed MPDCCH transmission, study performance improvement with a fixed mapping between MPDCCH DMRS ports and CRS ports. 
For localized transmission, only one DMRS port is used, but when the eNB has multiple transmit antennas, the transmission can be precoded such that beamforming towards the UE can be achieved. Thus, localized transmission has a possibility to provide better performance if an optimal precoder can be determined, whereas distributed transmission typically is more robust due to the TX diversity. The eNB could, for example, use a precoder based on the PMI given by CSI reports from the UE. However, a BL/CE UE can be configured to provide CSI reports only when configured in CE Mode A. In CE Mode B, a precoder could, for example, be determined by some iterative method used by the eNB. Regardless, a basic principle of the transmission based on the DMRS is that the precoder actually used by the eNB is transparent to the UE. It is therefore less obvious how to establish a mapping between the CRS and DMRS ports for the localized mode compared to for the distributed mode, since there is a large risk that any beneficial beamforming potential is destroyed by an erroneously selected mapping. 
As discussed above, it may be more difficult to achieve a robust CRS/DMRS mapping for localized than for distributed transmission. Therefore, it may be considered to limit the changes in Rel-16 to the distributed mode only, since this can be considered to be the more widely used one due to its robustness. If improvements are to be introduced also for localized transmission, one potential way forward is to study mappings between CRS and DMRS based on the PMI from the CSI reports in CE Mode A. An alternative approach, available also for CE Mode B, is to employ some precoder cycling, which would then provide TX diversity rather than beamforming gain also for the localized mode. In order to be able to use CRS to improve channel estimation in this case, such precoder cycling needs to be known to the UE, whereas a Rel-13/14/15 UE needed to know only how often such a precoder could change. It is possible to pre-define a precoder cycling pattern, e.g. based on an existing LTE codebook, or such a pattern can be configured by the network. 
[bookmark: _Toc525914271]For localized MPDCCH transmission study CRS and DMRS mappings based on PMI from CSI reports and/or precoder cycling. 
The work item objective indicates that the improved MPDCCH performance primarily targets connected mode. This is also the scope of the current agreements listed above. However, since the MPDCCH reception in idle mode relates to paging and random access, and these utilize the distributed mode, it appears straightforward to apply the same mapping between CRS and DMRS as for connected mode. One should, however, note that a UE cannot assume any relation between CRS and DMRS before having received system information and/or dedicated RRC signaling.  
[bookmark: _Toc525914272]Any mapping derived for distributed MPDCCH transmission for MPDCCH-USS and Type0-MPDCCH CSS can be considered to be used also for Type1-MPDCCH CSS and Type2-MPDCCH CSS. 

It has already been agreed that the eNB enables/disables “CRS for improving channel estimation on MPDCCH” via dedicated or broadcasted RRC signaling. Whether additional signaling is needed, e.g. on selection of actual mapping between CRS and DMRS, and the details of this signaling is difficult to decide on before the physical layer details have been studied and decided. Therefore, we propose to postpone decisions on signaling mechanisms until the RAN1 details have been settled. 
[bookmark: _Toc525914273]Signaling mechanisms and details are FFS and not decided until physical layer details have been decided. 

3	Conclusion
This contribution has discussed how to improve MPDCCH performance by using CRS. Based on the discussion we propose the following:

Proposal 1	For distributed MPDCCH transmission, study performance improvement with a fixed mapping between MPDCCH DMRS ports and CRS ports.
Proposal 2	For localized MPDCCH transmission study CRS and DMRS mappings based on PMI from CSI reports and/or precoder cycling.
Proposal 3	Any mapping derived for distributed MPDCCH transmission for MPDCCH-USS and Type0-MPDCCH CSS can be considered to be used also for Type1-MPDCCH CSS and Type2-MPDCCH CSS.
Proposal 4	Signaling mechanisms and details are FFS and not decided until physical layer details have been decided.
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