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Introduction
In RAN1 #82 meeting, following were agreed:
	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 

Working assumption:
· For unicast, DCI format for no and small repetition levels are same. (=DCI format M1)
· For unicast, DCI format for other repetition levels are same. (=DCI format M2)
· DCI format M1 size and DCI format M2 size can be different
· UE monitors only either DCI format M1 or DCI format M2
· FFS whether DCI format size for scheduling PDSCH and PUSCH are same or not
· If there are not the same, it means there will be M3 and M4 for the other link
· FFS M1 size and/or M2 size can be from the existing DCI format size(s)



This document discusses the remaining issues of UE-specific search space.
Discussion
[bookmark: OLE_LINK258][bookmark: OLE_LINK259]Search space modes
We propose two modes on the search space for Rel.13 MTC. 
The design of search space mode A is targeting no/small repetition case. Search space mode B is targeting other repetition case i.e. large repetition case. 

Search space mode A
During blind detecting the candidate {L, R}, one MTC UE accumulates the repetitions from the starting subframe and attempt to decode it until succeed at the points of every supported repetition number. Illustration of the search space is shown in Figure 1.

[bookmark: _Ref430790641]Figure 1 MPDCCH in no/small repetition case and scheduled data channel

In frequency domain, the search space has following properties.
· MPDCCH-PRB-set of 2 PRBs and 4 PRBs are monitored. 
· Candidates of aggregation level (AL) 1, 2, 4, 8, 16 and 24 are supported.
· The ECCE mapping of candidate L= 1, 2, 4, 8 and 16 is same as EPDCCH candidates.
· Candidate of L=24 is mapped onto the combination of candidate L=8 in PRB-set of 2 PRBs and candidate L=16 in PRB-set of 4 PRBs. PRB-set of 6 PRBs is not necessary to be defined. 24 CCE is realized by 2 PRB-sets reduces the specification work and to allow better resource sharing with PDSCH/EPDCCH with still having better frequency diversity.

In time domain: 
· All the candidates with different repetition number start from the same subframe.
· {R1, R2,…, RMax } are supported repetition number. For level 1, R1 equals to 1.

DCI contents: 
· DCI format for no and small repetition levels are used.
One example of candidates monitored by a MTC UE configured by one PRB set is listed in Table 1. The total 16 BD trials are same as current normal UEs. The column of "number of candidate" means followings. Using the case of L=2 as example, {2,2,0} means 2 BD trials in PRB-set 2,  2 BD trials in PRB-set 4 and no BD trial in the combination of 2 and 4 PRB set. L=24 is realized only for the combination of 2 and 4 PRB set.
Table 1 Example of MPDCCH candidates in candidate subset 1
	L
(Aggregation level)
	Number of candidates in {2 PRB-set, 4 PRB-set, combination of 2 and 4 PRB-set}

	1
	3, 3, 0

	2
	2, 2, 0

	4
	1, 1, 0

	8
	1, 1, 0

	16
	0, 1, 0

	24
	0, 0, 1



Search space mode B
Search space mode B is targeting large number of the repetitions in both MPDCCH and MPDSCH/MPUSCH. Illustration of the search space is shown in Figure 2.
In frequency domain, the search space has following properties.
· Candidate of aggregation level 24 only is supported.

In time domain, tree-like structure in is proposed as illustrated in Figure 2.
· Tree-like structure is applied to the candidates in time domain which can have different starting subframe.
· {R1, R2,…, RMax } are supported repetition number.

DCI contents: 
· DCI format for large repetition are used.


[bookmark: _Ref430781595]Figure 2 MPDCCH in large repetition case and scheduled data channel

The candidates monitored by a MTC UE for one PRB set is listed in Table 2. The total 1 BD trials in one subframe is needed.
Table 2 MPDCCH candidates
	L
(Aggregation level)
	Number of candidates in {2 PRB-set, 4 PRB-set, combination of 2 and 4 PRB-set}

	24
	0, 0, 1



Proposal 1: Two search space modes are defined for Rel.13 MTC. 

USS configurations
For PRACH coverage enhancement, RAN1 had received LS from RAN 4 as following [1]:
	· “It is possible to reliably distinguish between non-coverage enhancement and coverage enhancement (e.g. NC and 15 dB EC) using RSRP based method at least for AWGN channels.”
· “It is possible to reliably distinguish among coverage enhancement of max. 2 levels (e.g. 5 dB EC and 15 dB EC) using RSRP based method at least for AWGN channels.”



Therefore, our understanding is to define only three levels, which are {no CE, 5dB CE, 15db CE}. On the other hand, by setting RSRP, three levels can be set as within 5dB CE levels. For example, {no CE, 3 dB CE, 5db CE}. As we proposed above, no/small repetition case is realized by search space mode A and large repetition case is realized by search space mode B. Therefore, we propose three levels can be configured by one of following configurations.
- (search space mode A, search space mode A, search space mode A)
- (search space mode A, search space mode A, search space mode B)
- (search space mode A, search space mode B, search space mode B)
[bookmark: _GoBack]As discussed below, maximum repetition number R can be different even the same search space mode configuration among levels.

The configurations of MPDCCH UE specific search space includes:
· MPDCCH-PRB-set configuration which includes PRB allocation and distributed/localized setting:
· MPDCCH-PRB-set configuration is same as EPDCCH-PRB-set configuration by UE-specific RRC signaling.
· Starting subframe 
· Starting subframe of USS can be configured by UE-specific RRC signaling.
· Maximum repetition number RMax
· RMax is maximum repetition number 
i. which is configured by CE level specific way in SIBx
ii. or by UE specific way in RRC signaling
· {R1, R2,…,RMax } are the supported repetition numbers and R1, R2,…< RMax are predefined or derived from RMax based on predefined rules.
· Supported aggregation levels and monitored candidates in frequency domain
· This is determined by the usage of search space A or search space mode B. 


Timing relationship
The replied LS from RAN4 [2] includes following:
	· “The maximum retuning time between narrowband regions for MTC is 2 symbols including CP length (assuming normal CP)”


Therefore, we propose:
[bookmark: OLE_LINK5]Proposal 2: Confirm the k value as 1, where k is the parameter to define the timing relationship of MPDCCH and scheduled MPDSCH based on RAN1 #80’s agreement. 

It had been agreed in RAN #82 that:
	· “For an MPDCCH transmitted with a repetition number R, the UE is able to determine R.”



The scheduled MPDSCH repetitions will be transmitted from the subframe R+1. R can be indicated by DCI. Or R can be implicitly indicated by different scrambling on CRC bits. By either way, the value of R is up to eNB and R can be larger than the accumulated repetition number while decoding the MPDCCH successfully. This is up to eNB’s implementation.
One example of the timing relationship in search space mode A is shown in Figure 3. This is the case MPDSCH cannot be transmit in the PRBs not used for MPDCCH. For example MPDCCH#1 eCCE is only allocated on two PRBs and assigned MPDSCH#1 is more than two PRBs. One MTC UE monitors its MPDCCH assuming repetition number is R1, R2 and RMax, respectively. MPDCCH#1 is transmitted with R1 repetitions. The MTC UE decodes it successfully. The indicated repetition number of the MPDCCH#1 is RMax. Then the scheduled MPDSCH#1 repetition is transmitted from RMax +1 subframe which is aligned with the MPDSCH #2 transmission. Such use R allows MPDSCH#1 can start the transmission after the concurrent MPDCCH#2 is finished. It increases flexibility of resource allocation of MPDSCH regardless of the size/usage of MPDCCH.

[bookmark: _Ref430880497]Figure 3 Example of timing relationship between MPDCCH and scheduled MPDSCH 
Another example is shown in Figure 4. This is the case that MPDSCH can be transmitted in the PRB not used for MPDCCH. MPDSCH#1 is transmitted only within unused PRBs in MPDCCH search space. The repetition number of MPDCCH#1 is R1, while the indicated repetition number is R2. MPDSCH #2 and MPDSCH #3 are both transmitted from RMax +1 subframe. The resource usage efficiency is increased but MPDSCH frequency resource usage is limited. If eNB wants to schedule MPDSCH#2 as described, MPDSCH#1 should be finished before RMax +1.

[bookmark: _Ref430864312]Figure 4 Example of timing relationship between MPDCCH and scheduled MPDSCH

Figure 5 shows an example of successive DL transmission of one MTC UE. MPDCCH #1 schedules MDPSCH #1 and repetitions of MPDSCH #1 overlaps with part of UE #1’s next search space. If the search space is mode A, MPDCCH #2 cannot be transmitted in the search space which is partially occupied. If UE#2 search space is staggered like the figure, UE#2 can be scheduled. On other hand, if search space mode B is applied, MPDCCH #2 for UE #1 can start from the middle of the next search space. The extension of MPDSCH can be applied regardless of UE#1 or UE#2. In this case, search space mode B is better.

[bookmark: _Ref430957304]Figure 5 Example of timing relationship between MPDCCH and scheduled MPDSCH
Conclusion
In the contribution, we present our thoughts on the search space of MPDCCH. We make the following proposals:
Proposal 1: Two search space modes are defined for Rel.13 MTC. 
Proposal 2: Confirm the k value as 1, where k is the parameter to define the timing relationship of MPDCCH and scheduled MPDSCH based on RAN1 #80’s agreement. 
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