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1 Introduction
In  RAN1 #82bis meeting, M-PDCCH has been discussed with the following agreement:

Agreement:

· The repetition R of the M-PDCCH is indicated by 2-bit in the DCI

· From UE perspective, the following SSs are supported:

· 1: CSS for paging

· 2: CSS for random access response (message 2) for each PRACH repetition level. 

· Note: the 1st CSS and the 2nd CSS are separately configured

· 3: SS for Msg 3 retransmission, PDSCH with contention resolution, and PDSCH with RRCConnectionSetup are the same

· FFS whether the 2nd CSS for RAR is same as the 3rd SS 

· FFS: Whether UE continues to monitor the 2nd CSS and/or 3rd SS for random access after reception of PDSCH with RRCConnectionSetup

· FFS: Whether other SS is additionally defined or can reuse USS for other common control signalling (e.g. for DCI 3/3A), if supported
· For CSS, the DMRS sequence initialization (c_init) is based on PCID

· LC/CE UE does not support CRS-based M-PDCCH demodulation in Rel-13
· Do not support CRS+DMRS based M-PDCCH demodulation
· UE supports both localized and distributed ECCE mapping for M-PDCCH construction using {2,4} PRBs

· Note: the case of 24 ECCEs for localized and distributed is additionally supported as another decoding candidate

· Other than the 24 ECCEs, there is no other decoding candidate spanning two M-PDCCH resource sets (regardless of localized or distributed), if configured

· A UE is configured with either localized or distributed M-PDCCH, regardless of one or two M-PDCCH resource sets
In this contribution, we further discuss the remaining issues on M-PDCCH design.
2 Discussion

M-PDCCH search space structure 

Two M-PDCCH search space structures have been proposed as following:

· Option 1: Lower repetition level does not start during the maximum number of the repetition.

· Option 2: Lower repetition level starts during the maximum number of the repetition.
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Figure 1; M-PDCCH search space structure

For option 1, since the starting subframe of M-PDCCH candidates are all the same, there may be some benefit in saving the subframe buffer or LLR buffer for the MTC UEs. However, M-PDCCH candidate with small repetition number will block other M-PDCCH candidates with large repetition number. For option 2, tree-based M-PDCCH structure can provide more M-PDCCH candidates within the search space, which can increase eNB scheduling flexibility and reduce blocking probability. Therefore, we propose that option 2 (Lower repetition level starts during the maximum number of the repetition) shall be supported for the M-PDCCH search space structure.

Proposal 1: Option 2(Lower repetition level starts during the maximum number of the repetition) shall be supported for the M-PDCCH search space structure.
Starting subframes of UE-SS
For the starting subframes of UE-SS, there are three options identified as illustrated in figure 2:

· Option 1: The periodicity of starting subframes of UE-SS is same as maximum number of R. 

· Option 2: The periodicity of starting subframes of UE-SS can be longer than maximum number of R. One SS occurs after the starting subframe of UE-SS. 

· Option 3: The periodicity of starting subframes of UE-SS can be longer than maximum number of R. Search space operation continues until next starting subframe of SS. 
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Figure 2: Starting subframes of UE-SS
For option 1, the periodicity of starting subframes of UE-SS is same as maximum number of R. For option 2, the periodicity of starting subframes of UE-SS can be configured by the eNB which is larger than or equal to the maximum number of R, therefore, option 1 is one special case of option 2. With option 2, it is beneficial for the UE to save the power in monitoring M-PDCCH. Different UEs can be configured with different starting subframe offset of UE-SS thus their M-PDCCH can be multiplexed in a TDM manner. Furthermore, different UEs can be configured with different periodicities of starting subframes of UE-SS according to the characteristic of their traffic e.g., UEs with infrequent traffic can use large periodicity otherwise small periodicity. The benefit of option 3 can be fulfilled with the current DRX scheme, thus option 3 is not preferred. Therefore, we propose that option 2 (The periodicity of starting subframes of UE-SS can be longer than maximum number of R. One SS occurs after the starting subframe of UE-SS) shall be supported. 

Proposal 2: Option 2 (The periodicity of starting subframes of UE-SS can be longer than maximum number of R. One SS occurs after the starting subframe of UE-SS) shall be supported.
Starting subframes of M-PDCCH candidates 
Based on our above proposals 1/2, the starting subframe of M-PDCCH candidates can be implicitly determined by the periodicity of starting subframes of UE-SS and repetition number of M-PDCCH and the M-PDCCH number TDM multiplexed in each UE-SS.

Observation 1: The starting subframe of M-PDCCH candidates can be determined by the periodicity of starting subframes of UE-SS and repetition number of M-PDCCH and the M-PDCCH number TDM multiplexed in each UE-SS.

Aggregation levels 

For CE mode A, UEs in normal coverage and small coverage enhanced levels shall be supported. Therefore, aggregation level 1/2/4/8/16/24 shall all be supported in CE mode A. It was argued in the email discussion that whether aggregation level 1 shall be supported considering decoding performance loss due to bandwidth reduction and single Rx chain, however, in our view, there still exists scenario e.g., MTC UEs that is adjacent with the eNB or served by small cell, where the channel condition would be very good such that M-PDCCH with aggregation level 1 still can work well. Therefore, we propose that for CE mode A, aggregation levels 1/2/4/8/16/24 shall all be supported.
Proposal 3: For CE mode A, aggregation levels 1/2/4/8/16/24 shall all be supported.
For CE mode B, only MTC UEs with large repletion levels shall be supported. Therefore, one M-PDCCH containing one DCI mapped to all the resources in 6 PRB pairs should be supported from UE power consumption, UE decoding complexity and eNB scheduling complexity perspectives. So, we propose that only aggregation level 24 shall be supported in CE mode B.
Proposal 4: For CE mode B, only aggregation levels 24 shall be supported.
For CSS, we propose only aggregation level 24 shall be supported.  Even for UEs in normal coverage, the eNB shall consider the UEs in the cell edge since the eNB doesn’t possess the detailed CSI of MTC UEs when transmitting M-PDCCH in CSS, further considering the decoding performance loss due to bandwidth reduction and single Rx chain, therefore, only aggregation level 24 shall be used to guarantee the M-PDCCH performance.
Proposal 5: For M-PDCCH in CSS, only aggregation levels 24 shall be supported.
Cross-subframe channel estimation can improve the EPDCCH decoding performance for UEs in enhanced coverage, and it has been agreed that same precoding matrix is assumed per antenna port and at least one PRB for at least X subframes to facilitate cross-subframe channel estimation. Furthermore, as illustrated in [1][2], PRBs bundled channel estimation by using same precoding matrix across a PRG in each subframe can also bring in obvious performance gain. Therefore PRBs bundled channel estimation by using same precoding matrix across a PRG in each subframe shall be supported.  In [3], it has been pointed out the UE’s process complexity would be increased if PRB bundling is used in M-PDCCH localized mode while for M-PDCCH in distributed mode, the problem does not exist. In our view, for UE’s in enhanced coverage, generally M-PDCCH in distributed mode can be used to get robust decoding performance for M-PDCCH with repetition. Even if M-PDCCH in localized mode is used in enhanced coverage, at least 2 or 3 PRBs shall be used to reduce the total M-PDCCH repetition number. Therefore, at least for M-PDCCH in enhanced coverage, PRBs bundled channel estimation by using same precoding matrix across a PRG in each subframe shall be supported. For the size of PRG, compromise can be made between the gain of channel estimation arising from PRG and RBF. PRG of size 2 or 3 may be a preferred choice. 
Proposal 6: At least for M-PDCCH in enhanced coverage, PRBs bundled channel estimation by using same precoding matrix across a PRG in each subframe shall be supported.

3 Conclusions

In this contribution, we discuss the remaining issues on M-PDCCH design with the following proposals and observation:

Observation 1: The starting subframe of M-PDCCH candidates can be determined by the periodicity of starting subframes of UE-SS and repetition number of M-PDCCH and the M-PDCCH number TDM multiplexed in each UE-SS.

Proposal 1: Option 2(Lower repetition level starts during the maximum number of the repetition) shall be supported for the M-PDCCH search space structure.

Proposal 2: Option 2(The periodicity of starting subframes of UE-SS can be longer than maximum number of R. One SS occurs after the starting subframe of UE-SS) shall be supported.
Proposal 3: For CE mode A, aggregation levels 1/2/4/8/16/24 shall all be supported.
Proposal 4: For CE mode B, only aggregation levels 24 shall be supported.
Proposal 5: For M-PDCCH in CSS, only aggregation levels 24 shall be supported.
Proposal 6: At least for M-PDCCH in enhanced coverage, PRBs bundled channel estimation by using same precoding matrix across a PRG in each subframe shall be supported.
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