3GPP TSG-RAN WG1 Meeting #82
R1-153830
Beijing, China, 24th – 28th August 2015
Agenda item:

7.2.1.2
Source:
Nokia Networks
Title:
M-PDCCH Search Space
Document for:

Discussion and Decision
1
Introduction
At RAN1 #81 meeting, regarding M-PDCCH search space, it was agreed that,
· A starting subframe of an M-PDCCH UE-specific search space is configured at least for enhanced coverage
· FFS details of configuration
· FFS whether configuration is implicit or explicit
· FFS whether configuration is UE-specific or cell-specific
· For an M-PDCCH candidate with {L, R}
· L: ECCE aggregation level, R: number of repetitions
· The L is the same within R subframes
· The ECCE indices are same within R subframes
· For an M-PDCCH UE-specific search space
· Multiple M-PDCCH candidates with the same {L, R} can be configured. 
· M-PDCCH candidates with different R can be configured for enhanced coverage.
Based on the agreements, we give detailed solutions on M-PDCCH UE specific search space and common search design. 
2
Starting subframe configuration
The starting subframe of the M-PDCCH search space can be configured based on a configuration of M-PDCCH occasion period. Fig.1 gives one illustration. Each M-PDCCH occasion period contains a number of consecutive subframes, on top of which M-PDCCH search space is defined. The size of M-PDCCH occasion period can be configurable, and the starting subframe of the M-PDCCH search space can be configured by a subframe offset between the starting subframe of M-PDCCH occasion period and the starting subframe of M-PDCCH search space. 

Besides, the structure of M-PDCCH occasion period is M-PDCCH region specific configured, in order to make all MTCs allocated with same M-PDCCH region having common understanding of search space structure, so that DCI collision is avoided. 
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Fig.1 M-PDCCH starting subframe configuration
Proposal 1: The starting subframe of the M-PDCCH can be configured based on a configuration of M-PDCCH occasion period, in which M-PDCCH search space is defined. 
3
M-PDCCH UE specific search space
The M-PDCCH UE specific search space for normal coverage UEs can easily reuse EPDCCH design principle, especially for UEs configured with {2, 4} PRB set. For the case of AL=24, we have detailed solution on how to do ECCE to EREG mapping in our parallel contribution [1].
In the following we discuss the UE specific search space design for coverage enhanced MTC UEs. 
3.1
Search space design

As was agreed, multiple M-PDCCH candidates with the same {L, R} can be configured and M-PDCCH candidates with different R can be configured for enhanced coverage. Two options are remained, 
· Option1: To have multiple aggregation levels, and multiple number of repetitions;

· Option2: To have single aggregation level, and multiple number of repetitions
It is observed that the number of decoding attempts for one type of DCI size in one time M-PDCCH detection in UE specific search space is, 
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where 
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is the total number of decoding attempts for one time M-PDCCH detection. 
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 is the number of decoding candidates for aggregation level 
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is the number of repetition levels for aggregation level 
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Based on such observation, for option 1 if UE is allowed to be configured with a set of {multiple aggregation levels, multiple number of repetitions for each aggregation level}, the number of blind decoding attempts for one time M-PDCCH detection would be very high. Even with limited number of configured aggregation levels, the number of repetition for each UE in CE mode will increase, compared with only configured aggregation level 24. This causes additional MTC UE power consumption. To ease the blind decoding effort, it was proposed to have M-PDCCH candidates start from the same subframe [2]. However such scheme has big blocking rate and would introduce scheduling restriction. 
The typical case in option2 is that the full 6PRB pairs (i.e., AL=24) in the allocated M-PDCCH region would be used for one DCI. A number of candidates with different repetitions are used for control channel link adaptation. Having only one aggregation level in typical case would have dramatically decreased UE power consumption. Besides, this option also enables to always use minimum number of repetition for transmitting one DCI. Therefore compared with option 1, it achieves less power consumption for M-PDCCH detection.
Based on the analysis, we have the following proposal, 
Proposal 2: UEs in coverage enhancement mode only supports a combination of single ECCE aggregation level and multiple numbers of repetitions.
Based on proposal 1 and also the agreements, in Fig.2 we illustrate the search space design for M-PDCCH, where the M-PDCCH search space is defined for each M-PDCCH occasion period. One M-PDCCH occasion period contains K consecutive subframes, and the K subframes are divided into P M-PDCCH units. Herein we call such kind of unit as MCCE. Each MCCE contains B repeated subframes, thus the total number of MCCEs within each M-PDCCH occasion period would be 
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. The value of B is chosen to fulfil M-PDCCH decoding performance requirement for all the repetition levels for coverage enhanced MTC UEs, and should maintain the nested structure of M-PDCCH search space.
Correspondingly, it is proposed to introduce time domain aggregation levels, which is defined by using M-PDCCH MCCE as the minimum unit. Taking time domain aggregation level 2 as an example, there are 2 M-PDCCH MCCEs contained in each AL=2 M-PDCCH candidate. If eNB uses time domain aggregation level 2 for M-PDCCH transmission, M-PDCCH is repeated in all the subframes of the M-PDCCH MCCEs included in time domain aggregation level 2.
Proposal 3: Introduce time domain aggregation levels, which are defined by using M-PDCCH MCCE as the minimum unit. Each MCCE contains a certain number of repeated subframes.
The M-PDCCH time domain aggregation levels could be one-to-one mapped to each M-PDCCH repetition level for coverage enhanced MTC UEs. The control channel link adaptation is achieved by selecting appropriate time domain aggregation level for the DCI transmission, which is same with that of legacy scheme. Furthermore, the hashing function for deciding the USS can be reused with little modifications. In order to reduce the power consumption during M-PDCCH blind detection, it can be considered to limit the number of candidates for each time domain aggregation level. The blocking rate needs to be considered here. 
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Fig.2 M-PDCCH search space defined on top of K subframes
Proposal 4: The M-PDCCH search space can be defined over the time domain aggregation level. The principle of legacy UE specific search space design can be reused in time domain for MTC UE in CE mode.  
3.2
Fall back solution
It is noted that typical MTC UEs in CE mode may be very low mobility UEs, and the channel condition may actually changed in a semi-static way. Then certain aggregation level and/or the repetition level can be configured to UE by eNB after getting the channel condition feedback. UE just needs to monitor the configured aggregation level and/or repetition level, instead of monitor all the aggregation levels as in the legacy. Thus the power consumption or M-PDCCH detection could be further reduced. However in this case, it should be considered to have backup solution to handle the situation when channel condition suddenly becomes deteriorated, UE can still successfully decode the M-PDCCH in the following, where eNB can do reconfiguration on the new aggregation level and/or repetition level for UE to monitor. 
One option is to introduce two sets of time domain aggregation levels for UE to monitor based on eNB configuration, which we call them as aggregation level set 1 and aggregation level set 2. Aggregation level set 1 is a super set of aggregation level set 2, and is configured for UE to monitor periodically. The higher aggregation level is applied for aggregation level set 2 in corresponding M-PDCCH occasion period, such that it is guaranteed that M-PDCCH can be correctly decoded even the channel gets worse. Fig.3 gives one example, UE search the higher aggregation level than configured level in set 2, for other EPDCCH occasion period in set 1, UE just monitor the each occasion period with configured aggregation level. If UE failsg the M-PDCCH detection in detecting aggregation level set 1, it can receive the reconfiguration information during the detecting aggregation level set 2.
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Fig.3 Two sets of time domain aggregation levels
Proposal 5: eNB can configure certain aggregation levels/repetition levels for UE to monitor. Two set of time domain aggregation levels/repetition levels can be defined to ensure successful M-PDCCH detection if the channel condition become deteriorated.
4
M-PDCCH cell specific search space

Similar with the legacy PDCCH structure, the common search space can be defined to contain fixed number of MCCEs, and always starts from the first MCCE 0. The common search space and the UE specific search space can be overlapped in time domain. One example is illustrated in Fig.4.

Proposal 6: The MTC common search space can be defined to contain fixed number of MCCEs, and always starts from the first MCCE 0.
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Fig.4 M-PDCCH CSS
5
Conclusion
In this contribution, we discussed physical downlink control channel enhancement in light of control channel structure, the following proposals are made for the search space design,
Proposal 1: The starting subframe of the M-PDCCH can be configured based on a configuration of M-PDCCH occasion period, in which M-PDCCH search space is defined.
Proposal 2: UEs in coverage enhancement mode only supports a combination of single ECCE aggregation level and multiple numbers of repetitions.

Proposal 3: Introduce time domain aggregation levels, each of which contains multiple MCCEs. Each MCCE contains a certain number of repeated subframes.
Proposal 4: The M-PDCCH search space can be defined over the time domain aggregation level. The principle of legacy UE specific search space design can be reused in time domain for MTC UE in CE mode.
Proposal 5: eNB can configure certain aggregation levels/repetition levels for UE to monitor. Two set of time domain aggregation levels/repetition levels can be defined to ensure successful M-PDCCH detection if the channel condition become deteriorated.
Proposal 6: The MTC common search space can be defined to contain fixed number of MCCEs, and always starts from the first MCCE 0.
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