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1 Introduction
In RAN#80, a new work item on MTC enhancements was approved (RP-181450) with the following objective:

Scheduling enhancement:

· Specify MPDCCH performance improvement by using CRS at least for connected mode [RAN1, RAN2, RAN4]
In this contribution, we present our initial views on how to enable usage of CRS for MPDCCH demodulation.
2 Basic principles
To motivate the introduction of this feature, we first present some evaluation results on how a very simple usage of CRS can enhance MPDCCH performance by a non-negligible amount. In Figure 1 we show the BLER of MPDCCH based on DMRS vs CRS. For CRS-based channel estimation, it is evaluated with the following limitations:

- No warm-up CRS subframes (i.e., channel estimation is started at the beginning of repetition)

- No CRS-DMRS joint processing (i.e., only CRS is used for demodulation of MPDCCH)
We also show the case of no DMRS cross subframe estimation for comparison (tagged “without UERS tracking”). Note that, in general, performing cross subframe DMRS substantially increases the channel estimation/demodulation complexity at the UE side, since the receiver has to pair demodulation/channel estimation with repetition hypotheses (which is unnecessary for that of no cross-subframe channel estimation).
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Figure 1 MPDCCH performance for DMRS vs CRS.
Observation 1: Usage of CRS only for MPDCCH is observed to achieve the following gains (without warm-up subframes):


- CRS-only vs DMRS without cross-SF CE: 2.5dB gain

- CRS-only vs DMRS with cross-SF CE: 1dB gain
In Figure 1, the simulation assumptions are as follows:


- 4 PRB MPDCCH


- Distributed mapping


- No frequency hopping


- 32 repetitions


- ETU5 channel


- Fixed (and known) PMI between CRS and MPDCCH ports

In general, usage of CRS for MPDCCH must be enabled by allowing the UE to derive the channel for MPDCCH based on the estimated channel of CRS. This derivation at the UE side should be specified based on the notion of “antenna ports”.
Proposal 1: Usage of CRS for MPDCCH decoding is enabled by allowing the UE to assume some link between antenna ports {0,1,2,3} and ports {107,108,109,110}. 

In the simplest case, the specification would just state that a UE can assume that a given port for MPDCCH (e.g. port 107) is the same as a port for CRS (e.g. port 0). This linkage is similar to the one introduced in NB-IoT between NRS and CRS ports.

This “equivalence” link, however, has a problem when the number of ports for CRS and MPDCCH are not the same – especially when the number of CRS ports is larger than the number of ports used for MPDCCH. For example, consider the case of having 4 CRS ports and 2 MPDCCH ports (e.g. for distributed mode), where each of the 4 CRS ports are connected to one physical antenna, a link of CRS and MPDCCH 1-to-1 port ‘equivalence’ will not allow the eNB to send the MPDCCH at full power, since it will only use 2 out of the 4 transmit antennas.  Therefore, it may be desirable to consider a “precoding” link between the MPDCCH and CRS ports so that the full transmit power is enabled for both CRS and MPDCCH.
Proposal 2: Consider at least the following types of links between MPDCCH and CRS ports.

- “Equivalence”: A given CRS port is the same as a given MPDCCH port.


- “Precoding”: A set of CRS ports are linearly combined into a given MPDCCH port.
3 Configuration details

The new feature of CRS for MPDCCH demodulation is optional for both UE and eNB. Only some of the Rel-16 UEs (and later) can use CRS for MPDCCH demodulation. Similarly, a Rel-15 eNB does not support this feature and a Rel-16 eNB should be able to disable/enable this feature by RRC signalling. On the other hand, it is beneficial for eNB to know whether a UE can make use of CRS for MPDCCH demodulation, since it can adjust the MPDCCH number of repetitions accordingly (e.g., a UE using CRS for MPDCCH demodulation could have better performance and require less number of repetitions than that of DMRS only). This operation is only possible for unicast-related communications, so we make the following proposal.
Proposal 3: Usage of CRS for MPDCCH in USS and Type0-MPDCCH CSS is configured by unicast RRC signalling based on reported UE capability.
For broadcast communication, the eNB cannot adjust the number of MPDCCH repetitions and/or other scheduling related parameters, since the eNB will serve a mix of Rel-16 UEs and UEs of previous releases. Rel-16 UEs, however, will still benefit from usage of CRS by performing early MPDCCH termination and, therefore reduce power consumption. Since the use of CRS for broadcast MPDCCH is left to the working groups (based on the text in the WID), we make the following proposal:
Proposal 4: Specify usage of CRS for MPDCCH in Type 1/1A/2/2A MPDCCH CSS.

For the case of broadcast MPDCCH, the most straightforward way to enable CRS for MPDCCH decoding is by including a flag in broadcast signalling (e.g. SI). At the same time, this CRS usage must be transparent to legacy UEs (i.e., legacy UEs that are decoding broadcast MPDCCH should not be affected by the introduction of CRS-based channel estimation).
Proposal 5: Usage of CRS for MPDCCH in Type 1/1A/2/2A MPDCCH CSS is enabled by broadcast RRC signalling (e.g. SI).
4 Enabling diversity and CSI feedback
One of the key characteristics of MPDCCH (inherited from EPDCCH) is that it enables both open loop and closed loop operation:
· Closed loop operation: eNB has some sort of CSI (e.g. PMI/CQI) from either CSI feedback or SRS transmission from the UE. Localized mapping is typically used for closed loop and the eNB will use the same beamformer over the multiple PRBs of MPDCCH.
· Open loop operation: eNB doesn’t have CSI (or very rough/long-term CSI), and thus follows a diversity-based scheme for the MPDCCH transmission. A typical open-loop configuration is to use precoder cycling across multiple PRBs and/or antenna ports. Distributed mapping is friendlier to this mode of operation due to the capacity of using two antenna ports per PRB, relative to the localized mapping (by cycling precoders across multiple PRBs and subframes).
When introducing usage of CRS, we should enable these two modes of operation.

Proposal 6: Usage of CRS for MPDCCH should enable closed loop (beamforming) and open loop (precoder cycling) operations at the eNB.

When using DMRS based channel estimation, these modes of operation, except for the distributed/localized mapping, are completely transparent to the UE, since DMRS and MPDCCH use the same ports – and thus go through the same precoder. However, to enable CRS for MPDCCH decoding, we have to “play” with the link between MPDCCH and CRS ports as described in Proposals 1 and 2. For closed loop operation, we have to allow the eNB to use a “preferred precoder” for MPDCCH/DMRS in a non-transparent way. 
Proposal 7: To enable closed loop operation, further study how to make use of preferred precoder.
For open loop operation, the typical eNB implementation would perform precoder cycling across time/frequency domain. In current specification this choice of precoding is transparent to the UE. A simple way to enable concurrent CRS processing and open loop operation is to make the UE aware of the choice of precoding (e.g. for different subframes/PRBs) used by the eNB. Note that the need to keep precoding constant across a large number of subframes becomes unnecessary if the UE can track the channel using CRS. At least the required bundled subframe number may be reduced in Rel-16 with respect to legacy.
Proposal 8: To enable open loop operation, consider at least the following techniques:

· Linkage between CRS/MPDCCH ports may change across time/frequency

· Reduce precoding granularity in time domain

5 Conclusion

In this contribution we presented our initial views on MPDCCH-CRS processing. We made the following proposals and observations:
Observation 1: Usage of CRS only for MPDCCH is observed to achieve the following gains (without warm-up subframes):


- CRS-only vs DMRS without cross-SF CE: 2.5dB gain


- CRS-only vs DMRS with cross-SF CE: 1dB gain
Proposal 1: Usage of CRS for MPDCCH decoding is enabled by allowing the UE to assume some link between antenna ports {0,1,2,3} and ports {107,108,109,110}. 

Proposal 2: Consider at least the following types of links between MPDCCH and CRS ports.

- “Equivalence”: A given CRS port is the same as a given MPDCCH port.


- “Precoding”: A set of CRS ports are linearly combined into a given MPDCCH port.

Proposal 3: Usage of CRS for MPDCCH in USS and Type0-MPDCCH CSS is configured by unicast RRC signalling based on reported UE capability.

Proposal 4: Specify usage of CRS for MPDCCH in Type 1/1A/2/2A MPDCCH CSS.

Proposal 5: Usage of CRS for MPDCCH in Type 1/1A/2/2A MPDCCH CSS is enabled by broadcast RRC signalling (e.g. SI).

Proposal 6: Usage of CRS for MPDCCH should enable closed loop (beamforming) and open loop (precoder cycling) operations at the eNB.

Proposal 7: To enable closed loop operation, further study how to make use of preferred precoder.

Proposal 8: To enable open loop operation, consider at least the following techniques:

· Linkage between CRS/MPDCCH ports may change across time/frequency

· Reduce precoding granularity in time domain[image: image2.png]
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