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1 Introduction

In this contribution, we provide remained issues on M-PDCCH transmission for Rel-13 low-complexity UEs.
2 M-PDCCH transmission
2.1 M-PDCCH transmission resources for different cases
In legacy EPDCCH, number of EREGs composing an ECCE is 4 or 8 depends on CP length and special subframe configuration. Also, supported ALs and the number of decoding candidates per AL can be different depending on code rate of DCI transmission. 
In summary, following subframes have ECCEs consisting of 4 EREGs but support different ALs compared to normal case (i.e., normal subframe with normal CP).

· Case 1: Special subframes with special subframe configuration 3,4,8 and normal CP
In addition, following subframes have ECCE consisting of 8 EREGs and support different ALs compared to normal case.

· Case 2-1: Special subframes with special subframe configuration 1,2,6,7,9 and normal CP
· Case 2-2: Normal subframes and extended CP
· Case 2-3: Special subframes with special subframe configuration 1,2,3,5,6 and extended CP
Subframes in Case 1 has the same number of ECCEs (e.g., 16 ECCEs in a PRB-set with 4 PRBs) compared to normal case. In legacy EPDCCH, ALs {2, 4, 8, 16, 32} are supported in Case 1, whereas ALs {1, 2, 4, 8, 16} are supported in normal case. It is because number of available REs for EPDCCH transmission in a PRB is not enough compared to normal case. However, according to the agreement that L is same within R subframes and the ECCE indices are same within R subframes and ECCE indices are same within R subframes, it seems to challenging to apply the behavior that transmit M-PDCCH using higher L for special subframes in case of R > 1 as it is not aligned with the agreement. Even with R=1, supporting different set of ALs depending on subframe could cause additional issues especially when UE monitors M-PDCCH candidates with R>1 and R=1 together. In our opinion, same subset of L and the number of decoding candidates per L should be monitored regardless of subframe.
Subframes in Case 2-1 has only 8 ECCEs in a PRB-set with 4 PRBs compared to normal case. Then, when an M-PDCCH bundle is transmitted using same ECCE resources during repetition, it can be happened that subframes in Case 2-1 do not have ECCE(s) for M-PDCCH transmission. To resolve this issue, three solutions can be considered.

· Option (a): M-PDCCH is not transmitted if all or a part of ECCE(s) does not exist in subframes in Case 2-1. 

· Option (b): M-PDCCH is transmitted using available ECCEs in subframes in Case 2-1

· Option (c): An ECCE consists of 4 EREGs in Case 2-1

Among above three options, we prefer Option (c) since all candidates can utilize resources in subframes in Case 2-1. If option (a) or (b) is adopted, subframes in Case 2-1 should be counted for repetitions even if these subframes are not utilized for M-PDCCH transmission.

For normal and special subframe with extended CP (Case 2-2 and 2-3), an ECCE consists of 8 EREGs. In this case, supported ALs for M-PDCCH can be {1, 2, 4, 8, 12} and all subframes can have same number of ECCEs in a PRB-set. Therefore, we don’t see any issue for extended CP.
Proposal 1: An ECCE is composed by 4 EREGs for normal subframe and special subframe with normal CP. An ECCE is composed by 8 EREGs for normal subframe and special subframe with extended CP.
Proposal 2: Composition of L, R, and the number of decoding candidates for normal subframe and special subframe are same regardless of special subframe configuration.

2.2 M-PDCCH transmission in special subframes with short DwPTS

Special subframes with special subframe configuration 0 and 5 in normal CP and special subframes with special subframe configuration 0, 4, and 7 in extended CP are not utilized for EPDCCH transmission. In our opinion, these subframes can be not used for M-PDCCH transmission but counted for repetitions if these subframes are configured as available subframe for downlink transmission via MTC-SIB.
Proposal 3: Special subframes with special subframe configuration 0 and 5 in normal CP and special subframes with special subframe configuration 0, 4, and 7 in extended CP are not utilized for M-PDCCH transmission.
2.3 Scrambling of M-PDCCH during repetition

Scrambling sequence of EPDCCH is changed for each subframe. However, in case of PUSCH, it was agreed that scrambling sequences are the same for Z subframes [1] to enable I/Q symbol-level combining. Even for M-PDCCH, scrambling sequence can be applied with the same manner of PUSCH for design commonality.

Proposal 4: For M-PDCCH transmission, scrambling sequences are the same for Z subframes where Z=1 for no or small repetitions and Z>1 for other repetitions.
2.4 PRB bundling of M-PDCCH
In [2], it was observed that PRB bundling can acquire a huge performance gain for 10dB and 15 dB coverage enhancement. The required repetition number is reduced about 48~54% for 15dB coverage enhancement and 30~43% for 10dB coverage enhancement when PRB bundling with PRG size 6 is applied. PRG size of 2 PRBs also provide high repetition gain about 27~36% for 15dB coverage enhancement and 22~28% for 10 dB coverage enhancement. On the other hand, since channel status varies within 6 PRBs in ETU channel, there was not meaningful performance gain in ETU 1Hz channel environment. 

Since PRB bundling can achieve enough benefits depending on channel environment, we propose to support PRB bundling to M-PDCCH transmission when medium/high coverage enhancement is required. When we consider performance gain of PRB bundling and scheduling flexibility together, PRG size can be fixed to 2.

Proposal 5: The UE may assume the same precoder per antenna port applies on a PRG for at least X subframes in CE Mode B. The size of PRG can be fixed to 2.
3 Handling of collision with other channels/reference signals

3.1 CSI-RS
In terms of handling collision with CSI-RS, we think different handling can be considered for CE Mode A and CE Mode B. Namely, in CE Mode A, M-PDCCH rate matching can occur if ZP-CSI-RS configuration is known to UE. In CE mode B, we consider that CSI-RS can puncture M-PDCCH repetitions. In terms of indication mechanism to a UE, we consider that it can be either per coverage level or initial USS/CSS configuration via RRC configuration or via SIB. 

Proposal 6: M-PDCCH is punctured in CSI-RS REs before receiving CSI-RS configuration or when a UE is not indicated with ZP-CSI-RS configuration. After receiving ZP-CSI-RS configuration, M-PDCCH is rate-matched in CSI-RS REs. Indication can be done via RRC or SIB. Do not introduce signaling in CE mode B.
3.2 PSS/SSS/PBCH 

For EPCCCH monitoring, a UE is not expected to monitor an EPDCCH candidate, if an ECCE corresponding to that EPDCCH candidate is mapped to a PRB pair that overlaps in frequency with a transmission of PSS, SSS, or PBCH in the same subframe.
A narrowband can be overlapped with PRBs for PSS/SSS/PBCH transmission. Then collision between M-PDCCH and PSS/SSS/PBCH can be happened. There can be two options to solve this collision issue.
· Option (a): A M-PDCCH candidate is not monitored if an ECCE corresponding to that M-PDCCH candidate is mapped to a PRB pair that overlaps in frequency with a transmission of PSS, SSS, or PBCH in the same subframe.
· Option (b): M-PDCCH is rate-matched in PRB pair that overlaps in frequency with a transmission of PSS, SSS, or PBCH in the same subframe.
Compared to Option (a), Option (b) can utilize PRB resource which is not overlapped to PRB pair for PSS, SSS, or PBCH transmission. If Option (a) is adopted, an M-PDCCH with L = 24 cannot be transmitted in subframes for PSS, SSS, or PBCH transmission, and would cause performance degradation in case of coverage enhancement. Therefore, Option (b) seems more appropriate.
Even if M-PDCCH is not transmitted in subframes for PSS/SSS/PBCH transmission, these subframes can be counted for repetitions.
Proposal 7: M-PDCCH is rate-matched in PRB pair that overlaps in frequency with a transmission of PSS, SSS, or PBCH in the same subframe.
3.3 PDSCH

In case of EPDCCH and associated PDSCH transmission in a subframe, PDSCH is not mapped to any PRB(s) carrying an EPDCCH associated with the PDSCH. 
Since cross-subframe scheduling is supported for MTC UEs, it was agreed that multiplexing of M-PDCCH and un-associated PDSCH in the same subframe to the same UE is supported for MTC UEs not operating coverage enhancements. This agreement can be expanded for UEs in CE Mode A. Then, in CE Mode A, there can be a collision issue between M-PDCCH and PDSCH scheduled by previous M-PDCCH as illustrated in Figure 1. Since PDSCH is scheduled prior to monitor M-PDCCH in subframe n+2, reception of PDSCH should be prioritized compared to M-PDCCH. In this case, similar to Section 3.2, we can think two solutions.
· Option (a): A M-PDCCH candidate is not monitored if an ECCE corresponding to that M-PDCCH candidate is mapped to a PRB pair for transmission of un-associated PDSCH in the same subframe.
· Option (b): M-PDCCH is rate-matched in PRB pair for transmission of un-associated PDSCH in the same subframe.
To utilize more resource for M-PDCCH transmission, it would be desirable to adopt Option (b).
For UEs in CE Mode B, 1) M-PDCCH and un-associated PDSCH could be not multiplexed in a subframe so a UE does not need to monitor M-PDCCH during PDSCH reception, or 2) multiplexing of M-PDCCH and un-associated PDSCH in the same subframe to the same UE is supported and Option (b) can be applied.

Even if M-PDCCH is not transmitted some subframes because of collision with PDSCH, these subframes can be counted for repetitions.
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Figure 1. An example of M-PDCCH an un-associated PDSCH collision
Proposal 8: M-PDCCH is rate-matched in PRB pair for transmission of un-associated PDSCH in the same subframe.
3.4 SIB subframe
If a narrowband for M-PDCCH monitoring and MTC SIB transmission are same, M-PDCCH and MTC SIB cannot be transmitted in a subframe since MTC SIB is always transmitted using 6 PRBs. Then, if repetition number of M-PDCCH is 1 (i.e., R=1), a UE does not need to monitor M-PDCCH in MTC SIB subframes. MTC SIB subframes mean subframes configured for MTC SIB transmission by MIB for MTC SIB1 and by MTC SIB1 for other SIBs. If repetition number of M-PDCCH is larger than 1 (i.e., R>1), a UE can assume that M-PDCCH is not transmitted in MTC SIB subframes and these subframes can be counted for M-PDCCH repetitions.
Proposal 9: If a UE monitors M-PDCCH in a narrowband for MTC SIB(s) transmission, a UE does not expect M-PDCCH transmission in subframes configured for MTC SIB(s).
Proposal 10: Subframes which are not utilized for M-PDCCH transmission are counted for M-PDCCH repetitions, if these subframes are configured as available subframe for downlink transmission via MTC-SIB.
4 Conclusion 

In this contribution, we discussed about remaining issues on M-PDCCH transmission. According to the discussion, we obtained following proposals.
Proposal 1: An ECCE is composed by 4 EREGs for normal subframe and special subframe with normal CP. An ECCE is composed by 8 EREGs for normal subframe and special subframe with extended CP.

Proposal 2: Composition of L, R, and the number of decoding candidates for normal subframe and special subframe are same regardless of special subframe configuration.

Proposal 3: Special subframes with special subframe configuration 0 and 5 in normal CP and special subframes with special subframe configuration 0, 4, and 7 in extended CP are not utilized for M-PDCCH transmission.
Proposal 4: For M-PDCCH transmission, scrambling sequences are the same for Z subframes where Z=1 for no or small repetitions and Z>1 for other repetitions.
Proposal 5: The UE may assume the same precoder per antenna port applies on a PRG for at least X subframes in CE Mode B. The size of PRG can be fixed to 2.
Proposal 6: M-PDCCH is punctured in CSI-RS REs before receiving CSI-RS configuration or when a UE is not indicated with ZP-CSI-RS configuration. After receiving ZP-CSI-RS configuration, M-PDCCH is rate-matched in CSI-RS REs. Indication can be done via RRC or SIB. Do not introduce signaling in CE mode B.
Proposal 7: M-PDCCH is rate-matched in PRB pair that overlaps in frequency with a transmission of PSS, SSS, or PBCH in the same subframe.
Proposal 8: M-PDCCH is rate-matched in PRB pair for transmission of un-associated PDSCH in the same subframe.
Proposal 9: If a UE monitors M-PDCCH in a narrowband for MTC SIB(s) transmission, a UE does not expect M-PDCCH transmission in subframes configured for MTC SIB(s).

Proposal 10: Subframes which are not utilized for M-PDCCH transmission are counted for M-PDCCH repetitions, if these subframes are configured as available subframe for downlink transmission via MTC-SIB.
5 Reference
[1] RAN1 chairman’s notes, RAN1#82bis, Malmö, Sweden, 5th - 9th October 2015
[2] LG Electronics, “Discussion on M-PDCCH transmission,” R1-155364, Anaheim, USA, 15th - 22th November 2015

1/5


