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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: 
	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]
· […]




In this contribution we present initial thoughts on how to achieve this work item objective. 

[bookmark: _Ref178064866]2	Discussion
2.1 	Means for improving MPDDCH performance
The work item objective related to MPDCCH performance improvement is rather specific in that it specifies that CRS is to be used for MPDCCH demodulation. There are two basic ways in which this may be approached:
1) 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. This can be expected to provide gains mostly at lower SNR levels where channel estimation limits the overall performance. 
2) Replace some or all resource elements used for DMRS with MPDCCH, instead relying partly or entirely on CRS for channel estimation. Thereby the MPDCCH code rate and consequently the demodulation performance can be improved. This can be expected to provide gains mostly at higher SNR levels where channel estimation does not have a significant impact on the performance. 
Both alternatives are viable options, and it is possible that the combination of the two could be made such that gains can be achieved both at higher and lower SNR levels. However, the second one would have significantly more impact on the standardization effort since the MPDCCH coding and its relation to ECCEs, EREGs, and resource element mapping would have to be reconsidered. In particular, it might have a significant impact on the possibility to have legacy terminals monitoring MPDCCH on the same PRBs. Therefore, we propose that the work is focused only on the channel estimation improvement by combining CRS and DMRS. 
It would, at least in principle, be possible to have a relation between DMRS and CRS formulated only implicitly rather than explicitly. One such implicit relation exists already in Rel-13 via the condition that the precoder used for MPDCCH transmission, and therefore the relation between DMRS and CRS, may be constant over a number of consecutive subframes. It is, however, difficult to exploit this type of relation for improving channel estimation since it would have to involve a blind estimation of the actual precoder used. Therefore, it is proposed that an explicit relation is defined between DMRS and CRS.  
[bookmark: _Toc521455643]An explicit relation between the MPDCCH DMRS and CRS is defined for enabling improved channel estimation. 
In addition, we propose that any changes in Rel-16 with respect to this work item objective are transparent to legacy terminals, such that the MPDCCH performance for these terminals, or the scheduling flexibility, is not reduced.  
[bookmark: _Toc521455644]Changes introduced in Rel-16 for improving MPDCCH performance should have no impact on legacy terminals. 
Furthermore, it is proposed that is up to the network to decide whether any relation between CRS and DMRS ports is used for each cell, and that this is indicated via higher layer signaling. 
[bookmark: _Toc521455645]The network indicates the use of any mapping between DMRS and CRS via higher layer signaling. 
Whether the mapping between DMRS and CRS applies to all UEs in a cell, or if there is any benefit from allowing this to be configured in a UE-specific way can be studied further. Based on this, it may be decided whether signaling of DMRS/CRS mapping is to be done in system information or using dedicated RRC signaling, or both. It may also be discussed whether the default behavior in a Rel-16 network is to have the DMRS/CRS mapping activated or not.  
2.2 	Distributed vs. localized transmission
MPDCCH can be configured to use either distributed or localized transmission. For the Type-1 and Type-2 common search spaces used for paging and random access procedures, respectively, distributed transmission is always used. In connected mode, for the UE-specific search space and the Type-0 common search space (used for transmission of UL power control commands and/or as fallback in case problems arise for the UE-specific search space), the transmission type is given by RRC configuration of the PRB set the UE is monitoring. I.e., the UE may be configured to monitor MPDCCH transmissions in these search spaces using either distributed or localized transmission, but not both. 
Starting with the 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 is reasonable 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: _Toc521455646]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 can be studied, whereas more consideration may be needed on how, and if, any mapping is to be defined for CE Mode B. 
[bookmark: _Toc521455647]For localized MPDCCH transmission in CE Mode A, study CRS and DMRS mappings based on the PMI from the CSI reports. 

2.3 	Connected vs. idle mode
The work item objective indicates that the improved MPDCCH performance primarily targets connected mode. 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: _Toc521455648]Any mapping derived for distributed MPDCCH transmission in connected mode can be considered to be used also for idle mode. 

3	Conclusion
This contribution has presented initial thoughts on how to improve MPDCCH performance by using CRS. Based on the discussion we propose the following:
Proposal 1	An explicit relation between the MPDCCH DMRS and CRS is defined for enabling improved channel estimation.
Proposal 2	Changes introduced in Rel-16 for improving MPDCCH performance has no impact on legacy terminals.
Proposal 3	The network indicates the use of any mapping between DMRS and CRS via RRC signaling.
Proposal 4	For distributed MPDCCH transmission, study performance improvement with a fixed mapping between MPDCCH DMRS ports and CRS ports.
Proposal 5	For localized MPDCCH transmission in CE Mode A, study CRS and DMRS mappings based on the PMI from the CSI reports.
Proposal 6	Any mapping derived for distributed MPDCCH transmission in connected mode can be considered to be used also for idle mode.
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