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[bookmark: _Ref349588338]Introduction
In RAN Plenary Meeting #80, a new WID on Rel-16 MTC enhancements for LTE was agreed, and one of the objectives is to improve DL transmission efficiency and/or UE power consumption with following targets [1]:
· 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 contribution is to discuss one of above targets, i.e., MPDCCH performance improvement by using CRS. Some issues related to the topic are discussed, e.g., applicable search space, mapping relationship between CRS port and MPDCCH DMRS port, and power offset between CRS port and MPDCCH DMRS port.
Discussion
Applicable search space
CRS can be used to assist MPDCCH DMRS to improve channel estimation accuracy and further improve detection performance of MPDCCH. Thus, MPDCCH repetitions can be significantly reduced to improve DL transmission efficiency and UE power consumption. This benefit may be more obvious in extreme coverage with a large number of MPDCCH repetitions. However, MPDCCH performance improvement by using CRS may impact the capacity of MPDCCH. This is because multiple-user spatial multiplexing based on MPDCCH DMRS ports cannot be applied if MPDCCH DMRS is not precoded same as CRS, which is possible assuming DMRS port is exactly from CRS port. In extreme coverage wherein PMI measurement is not accurate, the impact may be acceptable since spatial multiplexing is generally not used. Moreover, in CE Mode B, it is difficult to support multiple-user spatial multiplexing on MPDCCH DMRS ports due to no PMI feedback. In that case, just antenna diversity gain can be provided by MPDCCH DMRS ports. Therefore, MPDCCH performance improvement by using CRS is suitable a large CE level, and can be enabled via a UE-specific RRC signalling. 
Proposal #1: MPDCCH performance improvement by using CRS can be applied at least for USS.
For CSS, considering legacy MTC UE, the actual MPDCCH repetitions cannot be reduced via MPDCCH performance improvement by using CRS. Thus, DL transmission efficiency cannot be improved, and just the UE power consumption on MPDCCH reception can be improved. In addition, the overall monitoring time on CSS may be much less that on USS in connected mode. The benefit of MPDCCH performance improvement by using CRS may be limited. Therefore, further study is needed to conclude whether to support MPDCCH performance improvement by using CRS for CSS. 
Proposal #2: Further study whether to support MPDCCH performance improvement by using CRS for CSS.
Mapping relationship between CRS port and MPDCCH DMRS port
[bookmark: _GoBack]In order to use CRS for MPDCCH performance improvement, one requirement is that there is a mapping relationship between CRS port and MPDCCH DMRS port. One scheme is to use a direct mapping, i.e., MPDCCH DMRS port is directly mapped to CRS port. For example, a MPDCCH DMRS port exactly from a certain CRS port. Another scheme is to use an indirect mapping, i.e., MPDCCH DMRS port is indirectly mapped to CRS port. For example, a MPDCCH DMRS port is virtually constructed by multiple CRS ports by multiplying a precoder. For the second scheme, the functionality of precoding on DMRS port can be reserved. However, the precoder needs to be known by UEs to reconstruct the equivalent channel coefficient via CRS port. Thus, the second scheme would introduce additional signalling to indicate precoder information. Moreover, the second scheme may complicate UE behaviour on channel estimation. 
Observation #1: There may be direct or indirect mapping relationship between CRS port and MPDCCH DMRS port.
For CRS, there are eight REs and four REs per PRB for CRS port 0-1 and port 2-3 respectively, as illustrated in following figure 1. For MPDCCH DMRS, there are twelve REs per PRB for DMRS port 107-110, as illustrated in following figure 2. Considering CDM between DMRS port 107 and 108 and between DMRS port 109 and 110, the effective number of DMRS with full power is six REs per PRB for DMRS port 107-110. By using CRS port 0-1 to assist MPDCCH channel estimation, the equivalent RS density can be increased by 133%. By using CRS port 2-3 to assist MPDCCH channel estimation, the equivalent RS density can be increased by 66.7%. By using the greatly increased RS density, the accuracy of MPDCCH channel estimation can be significantly improved. As no precoding on DMRS port same as CRS port, channel interpolation across multiple PRBs can be used to further improve channel estimation performance.
Observation #2: CRS port 0-1 can provide more channel estimation improvement than CRS port 2-3.
To improve channel estimation performance as far as possible, all of DMRS ports can be mapped to CRS port 0 and/or port 1 which has a large RS density. Assuming four DMRS ports are mapped to two CRS ports, at least two DMRS ports will be mapped to the same CRS port. Thus, the equivalent RS density can be further increased combining the two DMRS ports and the one CRS port. But, antenna diversity gain and spatial multiplexing gain provided by the two DMRS ports would disappear. There may be a trade-off between channel estimation improvement and traditional MIMO gain provided by the two isolated DMRS ports. Therefore, further study is needed to conclude whether to support one-to-multiple mapping between CRS port and MPDCCH DMRS port.
Observation #3: There may be one-to-one or one-to-multiple mapping relationship between CRS port and MPDCCH DMRS port.
In addition, the mapping relationship between CRS port and MPDCCH DMRS port may be dependent on the number of configured CRS ports. If considering one-to-one mapping between CRS port and MPDCCH DMRS port, assuming only CRS port 0 is configured, channel estimation improvement can be only achieved on one DMRS port, and it cannot be achieved on other DMRS port. Thus, the overall MPDCCH performance improvement may be limited. To achieve channel estimation improvement on all of MPDCCH DMRS ports, MPDCCH performance improvement by using CRS may be only applied for the configuration with four CRS ports. Therefore, further study is needed to discuss the mapping relationship under different configurations of CRS port
Observation #4: Mapping relationship between CRS port and MPDCCH DMRS port may be dependent on the number of configured CRS ports.
As analysed above, for mapping relationship between CRS port and MPDCCH DMRS port, there may be direct mapping or indirect mapping, one-to-one mapping or one-to-multiple mapping. Moreover, the number of configured CRS ports may impact the mapping relationship. Therefore, further study is needed for the detail mapping relationship between CRS port and MPDCCH DMRS port.
Proposal #3: Further study the mapping relationship between CRS port and MPDCCH DMRS port.
[image: ]
Figure 1.   CRS pattern
[image: ]
Figure 2.   DMRS pattern
Power offset between CRS port and MPDCCH DMRS port
To use CRS for MPDCCH performance improvement, the transmission power offset between CRS port and MPDCCH DMRS port should be known by UEs for combined channel estimation. The power offset can be signalled or be set as a default value, e.g., 0dB offset. To provide flexibility, power offset should be signalled. It can be signalled via an UE-specific RRC signalling for USS and via a broadcast signalling for CSS.
Proposal #4: Power offset between CRS port and MPDCCH DMRS port should be signaled.
3. Conclusion
In this paper, we discussed some issues on MPDCCH performance improvement by using CRS. Based on above discussion, we have the following observations: 
Observation #1: There may be direct or indirect mapping relationship between CRS port and MPDCCH DMRS port.
Observation #2: CRS port 0-1 can provide more channel estimation improvement than CRS port 2-3.
Observation #3: There may be one-to-one or one-to-multiple mapping relationship between CRS port and MPDCCH DMRS port.
Observation #4: Mapping relationship between CRS port and MPDCCH DMRS port may be dependent on the number of configured CRS ports.
And proposals
Proposal #1: MPDCCH performance improvement by using CRS can be applied at least for USS.
Proposal #2: Further study whether to support MPDCCH performance improvement by using CRS for CSS.
Proposal #3: Further study the mapping relationship between CRS port and MPDCCH DMRS port.
Proposal #4: Power offset between CRS port and MPDCCH DMRS port should be signaled.
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