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Discussion
Introduction

The following was agreed in [3]:

“
· 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.
“

Considering the coverage enhancement where multiple repetitions may be required and the MPDCCH search space is longer in time the complexity of the control search must be kept reasonable, at least the same level as legacy or preferable even lower. In this paper we discuss details of the search space design keeping this restriction in mind.

Another issue one should consider is how multiple DCI data such as downlink, uplink grants or power control commands are received efficiently by the UE. This contribution also discusses possible solutions for this problem.
MPDCCH configuration and search space
Search space configuration

It has been assumed that different UEs may have different range for number of repetitions configured for MPDCCH leading to UE specific search space. As shown in Figure 1 longer search space for UE 1 and 2 may be aligned with shorter search space for UE 3 if alternative search space lengths are multiple of 2. Also, to achieve optimum resource usage, the PDSCH allocation region should have same length as MPDCCH region. Hence, the starting point of the pattern can be synchronized and could be signaled using cell specific signalling and only the group of repetition factors would need to be signalled using UE specific signaling. 
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Figure 1. Example of scheduling using UE specific search spaces.

ECCE aggregation and repetitions

One of the design principles for MPDCCH is keeping the number of blind decodings at reasonable level; meaning that the total number of blind decodings is lower than for EPDCCH. This has to be taken especially into account for CE terminals, when the new repetition dimension increases the total number of candidate positions in UE specific search space.

On the other hand MPDCCH search space (SS) design has to support flexible MPDCCH scheduling such that at least two DCIs (downlink assignment and uplink grant) can be sent for one UE inside one SS at approximately the same SNR levels. Flexible scheduling covers also suitable search space dimensions supporting unambiguous PDSCH frequency hopping.
In addition the proposal in this paper reutilizes existing EPDCCH desing principles as much as possible.

Following search space design principles can be summarized:

· Tree like search space in the direction of aggregation and repetition
· Keep the number of blind decodings at reasonable level

· Maintain the possibility to transmit DL assignments and UL grants for certain terminal in the same L/R – search space using same aggregation level

· Reuse EPDCCH specification when possible
· Only localized transmission is supported

While also supporting:
· Both TDD and FDD

· Frequency hopping of PDSCH

· ECCE size: 4 EREGS or 8 EREGS or both (FFS)
· Normal CP and extended CP
FD-FDD & NC reception
In case of normal coverage (NC) search space design only the number of candidates on different aggregation levels must be considered i.e. there is no repetition. Table 1 and Table 2 present the number of candidates [image: image3.png]M



on certain aggregation level (L) for different number of PRB pairs in the MPDCCH-PRB-set size (NRB). Table 1 for Case 1 is used when one ECCE is built using 4 EREGS and Table 2 for Case 2 when one ECCE is built using 8 EREGS. The number of candidates on certain L is selected such that simultaneous transmission of two DCIs is made possible. The total number of candidates inside MPDCCH-PRB-set is restricted to 12 in order to keep number of blind decodings small. Candidates from aggregation level 1 for 4 and 6 NRB:s are dropped out – when larger part of narrowband is allocated for UE there should also be a need for higher aggregation levels.
Table 1 MPDCCH candidates monitored by a UE during NC reception (Case1)
	NRB
	Number of MPDCCH candidates
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 for Case 1

	
	L=1
	L=2
	L=4
	L=8
	L=16
	L = 24

	2
	5
	4
	2
	1
	N/A
	N/A

	4
	-
	5
	4
	2
	1
	N/A

	6
	-
	4
	3
	3
	1
	1
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 is the number of MPDCCH candidates to monitor at aggregation level L
Table 2 MPDCCH candidates monitored by a UE during NC reception (Case 2) 

	NRB
	Number of MPDCCH candidates
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 for Case 2

	
	L=2
	L=4
	L=8
	L=16
	L = 24

	2
	2
	1
	N/A
	N/A
	N/A

	4
	4
	2
	1
	N/A
	N/A

	6
	6
	3
	1
	N/A
	N/A


Observation: At maximum 12 blind decodings are needed during NC reception, when proposed number of MPDCCH candidates is monitored (12 candidates in frequency search space per DCI format length).
CE reception
In case of coverage enhancement (CE), search space design covers both the number of candidates on different aggregation levels and candidates on repetition levels. In other words one candidate has certain aggregation level and position in frequency direction and it is repeated N times in consequtive subframes (FDD) in the same frequency position. Also starting subframe for candidate inside two dimensional search space can vary.
It is proposed that UE uses assigned repetition group, which is sent using RRC signalling. Our proposal for repetition groups is described in Table 3. Three different repetition groups (RG = 1, 2 or 3) for CE terminal and no repetition for normal coverage (RG = 0) is signalled using RG. Tree like structure of the repetition candidates (repetitions are assumed to be power of two) restrics starting subframes for MPDCCH candidates, but simplifies scheduling both in frequency hopping and non – frequency hopping cases.
Table 3 MPDCCH repetitions monitored by UE during CE reception

	RG
	Number of MPDCCH repetitions [image: image11.png]




	
	i = 0
	i = 1
	i = 2
	i = 3

	0
	1
	-
	-
	-

	1
	1
	2
	4
	8

	2
	4
	8
	16
	32

	3
	16
	32
	64
	128
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 is the number of MPDCCH repetitions to monitor at aggregation level L
Since the total number of blind decodings is a multiplication of candidates in repetition dimension and number of candidates in frequency dimension, it is proposed that only one candidate in one aggregation level in repetition dimension is allowed – resulting total 12 candidates per DCI in Case 1 ([image: image15.png]4



. It is also proposed that in Case 2 ([image: image17.png]IEREC
NEREC




) for lowest repetition level two candidates are allowed – resulting total 10 candidates per DCI.
 The starting subframe of repetition can be calculated by modifying the equation used for calculating ECCEs corresponding to the EPDCCH candidate: 
Equation 1 Starting subframe for MPDCCH candidates
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where 
n is subframe indices for repetition level ( 0, ..., [image: image21.png]RF¢



-1),
 m is candidate index for repetition level ( 0, ... [image: image23.png]


-1)
Equation 1 is calculated for each of the repetition levels in repetition group (RG) resulting all subframe indices for candidate.
Equation 2 RNTI based 16-bit init value for candidate
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where  [image: image27.png]Ngyry =0



, [image: image29.png]A = 39829



, [image: image31.png]D = 65537



, k = search space index for randomizing candidate locations in consecutive search spaces.
Proposal 1 Only one candidate in one aggregation level in repetition dimension exists in search space in Case 1 – resulting 12 candidates per DCI. In Case 2 one candidate in one aggregation level in repetition dimension except in case of lowest repetition level two candidates.
Proposal 2 MPDCCH repetition starting subframe calculation is based on modified version of the EPDCCH candidate equation.
Table 4 Number of MPDCCH repetition candidates
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	Number of MPDCCH repetition candidates
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for Case 1

	
	i = 0
	i = 1
	i = 2
	i = 3

	4
	1
	1
	1
	1

	8
	2
	1
	1
	1


Since one repetition group has four different repetition levels the number of MPDCCH candidates on frequency dimension has to be restricted. Table 5 presents our proposal for MPDCCH candidates monitored by UE during CE reception. In case of simultaneous DL assignment and UL grant need to be transmitted lower repetition level can be compensated by higher aggregation level in order to reserve DCI space of similar quality. 

Table 5 MPDCCH candidates monitored by a UE during CE reception 
	NRB
	Number of MPDCCH candidates
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 for Case 1
	

	
	L=1
	L=2
	L=4
	L=8
	L=16
	L = 24

	2
	-
	1
	1
	1
	N/A
	N/A

	4
	-
	-
	1
	1
	1
	N/A

	6
	-
	-
	-
	1
	1
	1


Table 6 MPDCCH candidates monitored by a UE during CE reception 

	NRB
	Number of MPDCCH candidates
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 for Case 2
	

	
	L=1
	L=2
	L=4
	L=8
	L=16
	L = 24

	2
	-
	1
	1
	N/A
	N/A
	N/A

	4
	-
	-
	1
	1
	N/A
	N/A

	6
	-
	-
	-
	1
	1
	N/A


Observation: At maximum 12 blind decodings are needed during CE reception, when proposed numbers of MPDCCH candidates are monitored (3 candidates in frequency search space * 4 repetition levels in repetition group per DCI format length).
DCI lengths

It could be considered if blind decodings can be reduced by defining different DCI formats of the same length. For example, if DL and UL grants have almost the same number of bits, a flag bit can be used for indicating which DCI format is actually transmitted. This is already utilized in current DCI formats 0 and 1A. It should also be considered suitable DCI payload sizes for power control commands in DCI format 3 (earlier sent in common search space), such that number of blind decodings does not increase.
Proposal 3 Consider if different DCI formats can have equal length and use flag bit for differentiation in order to reduce blind decodings.
MPDCCH and PDSCH locations

Considering the exemplary MPDCCH search space in Figure 2, which is aligned with the agreements, one could assume that for example time repetition of 1,2 or 4 may be used in transmitting DCI to a UE. For simplicity, the aggregation level L is omitted in this discussion. It can also be assumed that UE needs to monitor the subset of search space from locations 2, 5 and 7.
Scheduling assumption as in Figure 3 needs to be assumed for the PDSCH if all the MPDCCH search space locations need to be tentatively decoded by the UE before PDSCH reception is possible. This would be inline with assumptions in current LTE where control and data are located in dedicated resources. The PDSCH subframes are highlighted green and the possible example DCI locations red and orange. Note that the figure omits possible frequency hopping, guard periods, aggregation levels or control decoding delays. Even if DCI would be scheduled in location 5 and 2 only also location 7 needs to be received and tentatively decoded. PDSCH scheduling basically can not start before end of total MPDCCH search space assumed by the UE. 
In the example, it could be beneficial if the UE knew after decoding successfully locations 5 and 2 that location 7 is not allocated. This information could be utilized either for power saving or earlier scheduling of the PDSCH. UE could acquire this information from a simple DCI scheduling rule. Considering that UE may need to receive multiple DCI information in the same search space such as power control commands, uplink grants and downlink grants, one possible solution to achieve this is to define that the DCI for the downlink grant ends latest in the same subframe as any other DCI for the UE. By this way, the UE does not need to tentatively decode the rest of the search space and the UE can focus on the PDSCH reception or power saving as in Figure 4. This approach should not introduce any scheduling restrictions if the DCI formats have similar lengths.
Proposal 4 Introduce DCI scheduling rule defining that the DCI for the downlink grant ends latest in the same subframe as any other DCI for the UE
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Figure 2. Simplified example of MPDCCH search space.
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Figure 3. Full scan of MPDCCH search space before PDSCH allocation.
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Figure 4. Reduced scan of MPDCCH search space.

Conclusion

In this paper we have discussed search space design for the MPDCCH and made the following proposals:

Proposal 1 Only one candidate in one aggregation level in repetition dimension exists in search space in Case 1 – resulting 12 candidates per DCI.
Proposal 2 MPDCCH repetition starting subframe calculation is based on modified version of the EPDCCH candidate equation.
Proposal 3 Consider if different DCI formats can have equal length and use flag bit for differentiation in order to reduce blind decodings.
Proposal 4 Introduce DCI scheduling rule defining that the DCI for the downlink grant ends latest in the same subframe as any other DCI for the UE
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