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Discussion and Decision
1 Introduction

In RAN1#95, the following agreements were made –

· For distributed MPDCCH, predefined mapping between CRS ports and MPDCCH DMRS ports is supported.

· For localized/distributed MPDCCH, the predefined mapping between CRS ports and MPDCCH ports is based on precoder cycling across time and frequency domain. FFS the details.

· Reuse existing LTE Rel-8 codebooks for precoding of MPDCCH is the starting point.

· Unless performance gains are identified further optimization on top of Rel-8 codebook will not be introduced

· For UE in Connected/Idle mode, the power offset between CRS and DMRS antenna ports of MPDCCH is indicated by SIB.

· For UE in Idle mode, the configuration of CRS for MPDCCH performance improvement is indicated via SIB/SI. FFS the details of configuration.

· For UE in Connected mode, the configuration of CRS for MPDCCH performance improvement is indicated via UE-specific RRC signalling. FFS the details of configuration.

In this contribution, we consider MPDCCH performance improvement by using CRS.
2 MPDCCH Performance Improvement
In RAN1#95, many agreements was made regarding MPDCCH performance improvement. Key remaining issues include details of the configurations, which are addressed in this contribution.
Idle mode configuration

In RAN1#95, it was agreed that for UE in idle mode, the configuration of CRS for MPDCCH performance improvement is indicated via SIB/SI. Furthermore, since UE in idle mode only receives distributed MPDCCH, predefined mapping between CRS ports and MPDCCH DMRS ports would be used. In addition, precoder cycling is to be used. The details, however, are FFS.

The aim of distributed MPDCCH is to provide diversity. This can be done in both time and frequency domain, that is, the precoder changes in both time and frequency domain. Previously, the precoder can change every PRB. To support better channel estimation in the frequency domain, the precoder can remain the same for a number of PRBs. Similarly, to better support coherent cross-subframe channel estimation, the precoder can remain the same for a number of subframes. This is shown in Figure 1. From a configuration perspective, the eNB would then signal the number of PRBs and number of subframes that each precoder remains valid.
Furthermore, in RAN1#95, it was agreed to reuse the existing LTE Rel-8 codebooks for precoding of MPDCCH as the starting point. In our view, we don’t see enough performance gain to justify specifying new codebooks for this purpose (which would only be applicable for NRS anyway). Therefore, we don’t need further optimization with respect to the codebooks.
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Figure 1. Predefined mapping for CRS precoder cycling.
In term of configuration, the eNB can signal the (1) starting subframe for precoder initialization, (2) number of PRBs per precoder, and (3) number of subframes per precoder. The start subframe can signal which subframe would be the starting point for precoder initialization (e.g. precoder index 0 at SFN=0 and SF=0). Then the number of PRBs and subframes per precoder will provide the time/frequency granularity for the precoder cycling.
Proposal 1: For UEs in idle mode, eNB can signal (1) starting subframe for precoder initialization, (2) number of PRBs per precoder, and (3) number of subframes per precoder.
Connected mode configuration
For UEs in connected mode, the mapping depends on whether the MPDCCH is localized or distributed. For localized MPDCCH, both predefined and mapping based on CSI are supported. This can then be used to support both open-loop and closed-loop operation. For distributed MPDCCH, only open-loop operation based on predefined mapping is supported.
Currently, the details of this predefined mapping are for further study (e.g. number of PRBs over which mapping applies, fixed or configurable). In one option, the eNB can signal the codebook and precoding configuration to the UE. The precoding configuration could be, e.g. a bitmap of the precoding matrix indicator (PMI) to be used per PRB, or PMI per group of REs. Alternately, the information can be predefined – e.g. codebook is based on the number of Tx antennas at the eNB while precoding configuration can be based on the physical cell ID. In addition, antenna port mapping between DMRS and CRS may be signaled to the UE or predefined so UE can combine the DMRS antenna port with the CRS antenna port for channel estimation.
In RAN1#95, it was agreed that for UE in connected mode, the configuration of CRS for MPDCCH performance improvement is indicated via UE-specific RRC signaling. Furthermore, for localized/distributed MPDCCH, the predefined mapping between CRS ports and MPDCCH ports is based on precoder cycling across time and frequency domain.
If the UE is configured to use distributed MPDCCH, in our view the same mapping as for idle mode can be reused. In addition, even for localized MPDCCH, it is possible to also reuse the same mapping as we don’t see significant performance difference given that precoder cycling has be agreed in this case. Therefore, it is proposed that the same mapping configuration for idle mode is used for both localized and distributed MPDCCH.

Proposal 2: For UEs in connected mode, if the UE is configured to use predefined mapping, the same predefined mapping configuration for idle mode is used for both localized and distributed MPDCCH.
If the UE is configured to use mapping based on CSI report, then the UE uses the latest reported CSI for mapping. This is based on our understanding that the UE can attempt multiple hypothesis tests for the different precoders. So even if there is an error in the CSI report and the eNB chooses a different precoder, the UE can still benefit from CRS. 
Proposal 3: For UEs in connected mode, if the UE is configured to use mapping based on CSI report, UE uses the latest reported CSI for mapping.
3 Conclusions

In this contribution, we consider MPDCCH performance improvement by using CRS in addition to DMRS and make the proposals –
Proposal 1: For UEs in idle mode, eNB can signal (1) starting subframe for precoder initialization, (2) number of PRBs per precoder, and (3) number of subframes per precoder.
Proposal 2: For UEs in connected mode, if the UE is configured to use predefined mapping, the same predefined mapping configuration for idle mode is used for both localized and distributed MPDCCH.
Proposal 3: For UEs in connected mode, if the UE is configured to use mapping based on CSI report, UE uses the latest reported CSI for mapping.
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