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1 Introduction

In RAN#65, a WI on a new UE for MTC operation [1] has been approved. According to the WID, three aspects for a new MTC UE are specified, a new low complexity UE category/type, coverage enhancement for a new UE category/type and other delay-tolerant MTC UEs, and power consumption reduction for the UE category/type.

In RAN1#81, regarding on M-PDCCH search space design for a new low-complexity MTC UE, some agreements and working assumptions were made as follows [2],

	Agreement:

· 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.


In addition, in RAN1#82, additional agreements were made as follows [3],

	Agreement: 
· For coverage enhancement, an M-PDCCH candidate is composed by consecutive valid subframes
· For an M-PDCCH UE-specific search space for a UE at least in normal coverage/ small coverage enhancement
· M-PDCCH candidates with different L (aggregation level) is supported
· FFS: other coverage enhancement case(s)

Agreement:

· For an MPDCCH transmitted with a repetition number R, the UE is able to determine R 
Agreement:

· Working assumption: 

· M-PDCCH common search space (CSS) is necessary at least for paging and RAR

· Note: the name may be revisited if there is issue identified

· If CSS is necessary, 

· Different UEs can monitor M-PDCCH CSS in different narrowbands and in different subframes

· FFS whether or not to support more than one decoding candidate of the CSS in a narrowband. If it is supported, FFS for UEs monitoring the same narrowband, whether or not the UEs may monitor different decoding candidates of the CSS in the narrowband

· FFS: Starting subframe of M-PDCCH CSS and starting ECCE index of M-PDCCH candidate(s) for a CSS in a narrowband 
· For an M-PDCCH CSS for a UE in coverage enhancement
· M-PDCCH candidates with different R (number of repetitions) is supported
Agreement: 

· Handling of subframes not available for repetition

· Postpone repetitions till the next available subframe in case unavailable subframes are aligned between eNB and UE
· This is in line with the TDD behaviour of Rel-8 PUSCH TTI bundling and Rel-8 PUCCH HARQ-ACK repetition
· FFS whether or not there is misalignment between eNB and UE regarding the unavailable subframes and if so, how to handle


In this contribution, we provide remained detailed design of M-PDCCH search space for Rel-13 low-complexity UEs with respect to above aspects and agreements.
2 Starting subframe of M-PDCCH monitoring
It was agreed that starting subframe location of an M-PDCCH USS is configured at least for UEs operating coverage enhancement [2]. In this section, details on starting subframe of M-PDCCH monitoring are discussed.
As agreed, a UE is expected to start M-PDCCH monitoring in a subset of subframes. In terms of determining a subset of subframes, overall two approaches can be considered. One approach is to set the starting subframe set aligned with the repetition number of M-PDCCH (R) such that a UE expects that M-PDCCH may start in every R subframes. Another approach is to further restrict the set of starting subframes to minimize UE power consumption. In medium/high coverage enhancement scenarios, frequency selective scheduling becomes difficult due to the lack of feedbacks. Also, to minimize the DCI overhead, it can be considered to assume that M-PDCCH and PDSCH are transmitted in the same narrowband from a UE perspective. Also, it is expected that PDSCH would be transmitted using full PRB resources of the narrowband to reduce repetition number, and thus, M-PDCCH will not be transmitted during any PDSCH transmission to other UE(s) in same narrowband. Therefore, monitoring M-PDCCH during PDSCH transmission would be wasteful. For example, as depicted in Figure 1.(a), continuous M-PDCCH monitoring can cause unnecessary M-PDCCH monitoring for a UE. However, monitoring M-PDCCH in a subset of subframes as shown in Figure 1.(b) can reduce unnecessary power consumption and complexity. 

Also, monitoring M-PDCCH in a subset of subframes by increasing M-PDCCH monitoring interval can be used to TDM of M-PDCCH monitoring region among MTC UEs. It can be beneficial for load balancing and UE power consumption aspects.

In terms of configuration of a set of starting subframe sets, implicit and explicit signalling mechanisms are considered. If implicit mechanism is used, one way to configure the period and offset of M-PDCCH USS starting subframe location is deriving the period implicitly from the maximum repetition number of M-PDCCH within USS. Then, for example, the starting subframe location can be  [image: image2.png]ol Romer + Ninpaiic m)



, where Rmax is the maximum repetition number of M-PDCCH candidate, Ninvalid,m is the number of invalid subframes during m-th M-PDCCH transmission with repetition number Rmax, and m = 0, 1, 2,∙∙∙. However, this method has some potential drawbacks which may need further considerations. Firstly, unless the number of valid downlink subframes configured by the network is one of the repetition numbers of M-PDCCH, there could be some mismatch/ambiguity between the UE and the network about starting subframe sets. Secondly, it should not create any ambiguity when SFN wraps around. 
Overall, configuration of period and offset explicitly offers the benefit of potential TDM and flexibility. If signalling overhead is concerned, a mechanism to implicitly configure UE-specific offset with a cell specific period configuration can be also considered. 
Proposal 1: For coverage enhancement MTC UEs, M-PDCCH monitoring subframes can be restricted to subset of subframes, and Period and Offset of starting subframe of M-PDCCH monitoring can be configured UE-specific manner. 
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(a) M-PDCCH monitoring in all subframes
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(b) M-PDCCH monitoring in a subset of subframes

Figure 1. M-PDCCH monitoring subframe region
3 M-PDCCH decoding candidates composition
In the last meeting, for M-PDCCH USS, it was agreed that M-PDCCH candidates with different L (aggregation level) is supported for a UE at least in normal/small coverage enhancement, and aggregation level(s) for medium/high coverage enhancement case is remained as FFS.
Even for UEs in medium/high coverage enhancement, we think M-PDCCH USS design should allow possible multiplexing of multiple DCIs in a narrowband in a subframe.

· Multiple DCIs transmission for a UE: For FD-FDD case, a UE can transmit PUSCH bundle while receiving PDSCH bundle using different uplink/downlink frequency region. Regarding TDD case, transmitting PUSCH bundle while receiving PDSCH bundle is possible using separated uplink/downlink subframe location. To make a UE transmits PUSCH bundle while receiving PDSCH bundle, a UE needs to receive both downlink grant and uplink grant while M-PDCCH monitoring. Transmitting more than one DCI to a UE is also natural considering a UE can receive both downlink grant and uplink grant in USS in current specification.

· DCI multiplexing for multiple UEs: Especially for PUSCH transmission, PUSCH multiplexing in a subframe would be desirable considering a PUSCH bundle would be transmitted by no more than 1 PRB for PSD boosting. Then, multiplexing multiple DCIs for uplink scheduling should be considered. A possible mechanism of configuring multiple sub-bands for concurrent uplink grant scheduling can be considered, however, this may restrict the scheduling flexibility. 

When we consider link adaptation granularity and scheduling flexibility, having multiple aggregation levels are beneficial than supporting 24 AL only for UEs on medium/high coverage enhancement. However, to reduce UE decoding complexity and M-PDCCH transmission latency, supported ALs for UEs in medium/high coverage enhancement can be restricted to some high ALs.
Proposal 2: It is assumed that multiple DCIs can be multiplexed in the configured M-PDCCH PRBs for UEs on medium/high coverage enhancement. 
Proposal 3: For an M-PDCCH UE-specific search space, M-PDCCH candidates with different aggregation levels are supported for UEs in medium/high coverage enhancement.
In RAN1#81, it was agreed that multiple M-PDCCH candidates with the same {L, R} can be configured for an M-PDCCH UE-specific search space [2]. If M-PDCCH candidate for a combination of {L, R} can have single ECCE starting index and single starting subframe index, there can be only one decoding candidates as shown in Figure 2. (a). There can be three ways to allocate more than one decoding candidates for a {L, R}.
· Option 1: Multiple candidates with different ECCE resources and same starting subframe
· Option 2: Multiple candidates with same ECCE resources and different starting subframes
· Option 3: Multiple candidates with different ECCE resources and different starting subframes 
Examples for each option are shown in Figure 2. (b), (c), and (d). As a result, it should be possible to allocate multiple decoding candidates with different starting ECCE resources and/or different starting subframe locations for a combination of {L, R}.
Proposal 4: To allocate multiple decoding candidates for {L, R}, decoding candidates can have different ECCE resources and/or starting subframe location.
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Figure 2. Examples of M-PDCCH decoding candidates
4 M-PDCCH repetition number detection

It was also agreed that a UE is able to determine R for an M-PDCCH transmitted with a repetition number R in the last meeting.
A simple way to make a UE can determine repetition number of M-PDCCH while not increasing DCI length is to applying scrambling code to M-PDCCH. For example, the applied scrambling sequence can be different depending on the repetition number R of M-PDCCH. Or, the scrambling sequence can be determined based on the last subframe index of M-PDCCH transmission.
Proposal 5: Different scrambling sequence of M-PDCCH can be applied depending on repetition number R or last subframe index of M-PDCCH.

5 Conclusion 

In this contribution, remained details of M-PDCCH search space for Rel-13 low-complexity UEs are discussed. Based on the discussion, we obtained following proposals.
Proposal 1: For coverage enhancement MTC UEs, M-PDCCH monitoring subframes can be restricted to subset of subframes, and Period and Offset of starting subframe of M-PDCCH monitoring can be configured UE-specifically. 
Proposal 2: It is assumed that multiple DCIs can be multiplexed in the configured M-PDCCH PRBs for UEs on medium/high coverage enhancement. 
Proposal 3: For an M-PDCCH UE-specific search space, M-PDCCH candidates with different aggregation levels are supported for UEs in medium/high coverage enhancement.
Proposal 4: To allocate multiple decoding candidates for {L, R}, decoding candidates can have different ECCE resources and/or starting subframe location.

Proposal 5: Different scrambling sequence of M-PDCCH can be applied depending on repetition number R or last subframe index of M-PDCCH.
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