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1 Introduction

In RAN1#82bis, regarding on M-PDCCH for a new low-complexity MTC UE, following agreements were made [1].
	Agreement:

· The repetition R of the MPDCCH 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 provide remained issues on M-PDCCH search space for Rel-13 low-complexity UEs.
2 Relationship between search spaces
2.1 Types of search spaces

· CSS for paging (i.e., CSS_paging)

It is a CSS for paging monitoring in RRC_IDLE state. Since UEs in different CE level monitor same CSS for paging scheduling, it should be designed to cover all CE levels. Configurations for CSS_paging are configured by SIB.
· CSS for RAR corresponding to intial RACH procedure (i.e., CSS_RAR)

As proposed in our companion contribution [2], using CSS for RAR, a UE can monitor RAR, Msg3 (for retransmission), and Msg4. Though it can be considered to allow configuration of separate SS configuration for Msg 3 retransmission and Msg4 scheduling M-PDCCH, given that those will be used only for initial access, our general preference is to use the same one for initial RACH procedure. Required configurations for CSS_RAR can be configured by SIB per CE level. Then, in a UE perspective, configurations for CSS_RAR can be determined based on the CE level of PRACH resource set used for the latest PRACH transmission.

· CSS for others (i.e., CSS_others)

M-PDCCH CSS can be used to transmit DCIs for other purposes except paging message and initial RAR scheduling. For example, CSS is required to transmit TPC, unicast data for reconfiguration (such as CE level, transmission mode, USS reconfiguration), a DCI transmitting multiple HARQ-ACK corresponding to PUSCH to multiple UEs (if supported), transmit RAR corresponding to PRACH triggered by M-PDCCH order. In our opinion, CSS for these purposes can be located in the same narrowband to USS once a UE is connected to the network. Then, a UE does not need to re-tune its operating frequency to monitor this CSS. A UE can monitor CSS_others and USS simultaneously. If there is a complexity issue, TDM of CSS and USS monitoring can be considered.

If CSS for other purposes are not defined, legacy PUCCH TPC via DCI format 3/3A cannot be supported. Then, if downlink traffic is occurred sparsely, it could be difficult to adopt PUCCH power since PUCCH TPC is accomplished by accumulated way. So, other way to handle this issue needs to be considered such as absolute PUCCH TPC via DL grant or unicast DCI for PUCCH TPC transmitted by USS. Thus, at least for CE mode A (for TCP and reconfiguration), we think supporting CSS_others seems necessary.
· USS

USS is a search space for unicast data scheduling. Configurations for USS can be configured by SIB and Msg 4. If necessary, reconfiguration can be utilized by RRC. Configurations for USS also can be applied for CSS_others, so individual configuration for CSS_others and USS is not required.

Proposal 1: M-PDCCH CSS for at least for TPC and RRC reconfiguration is supported.
2.2 Setting of each search space

An example of configuration procedure of search spaces is illustrated in Figure 1. Also, required parameters and configuration details for search spaces are summarized in Table 1. In this table, merged cell means the configuration can be shared by corresponding search spaces, so individual configuration is not needed for each search space.
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Figure 1. Example of setting of search spaces

Table 1. Details on configurations for search spaces
	Parameters
	Configuration details
	Description

	
	CSS_paging
	CSS_RAR
	CSS_others
	USS
	

	Subset of L
	Fixed to {8, 16, 24}
	{1, 2, 4, 8, 16, 24}
	

	Rmax
	Configurable by SIB
	Configured by SIB per CE level (configuration can be shared for CSS_RAR, CSS_others, USS)

For CSS_others/USS, it can be reconfigured by RRC
	Subset of repetition numbers is determined based on Rmax. Details are described in Section 3.2

	PRB-sets
	Configured by SIB
	Configured by SIB per CE level specific and cell-specific
	Alt 1. Configured by Msg 4 per UE
Alt 2. Configured by SIB per CE level (in this case, same configuration for CSS_RAR, CSS_others, USS)

It can be reconfigured by RRC
	This configuration includes the number of PRB-sets, PRB size/location of each PRB-set

	Transmission type
	Configured by SIB per PRB-set
	Configured by SIB per PRB-set
	Alt 1. Configured by Msg 4 per UE (the network ensures the same type is used beween CSS_others and USS in case both are monitored at the same time)
Alt 2. Configured by SIB per CE level (in this case, same configuration for CSS_RAR, CSS_others, USS)

It can be reconfigured by RRC
	

	Narrowband
	Determined by UE ID among paging narrowbands configured by SIB
	Based on PRACH resource set where RAR narrowband corresponding to each PRACH resource set is configured by SIB
	Default value can be CSS_RAR’s narrowband location. 

Configurable by Msg 4 per UE
It can be reconfigured by RRC
	

	M-PDCCH monitoring starting
	Alt 1. Configured by SIB per CE level

Alt 2. Configured by SIB regardless of CE level (one maximum value to reset monitoring starting subframe)
	Alt 1 is related to Option B in Section 3.1

Alt 2 is related to Option C in Section 3.1

	M-PDCCH starting subframe
	Determined by R per repetition number 
	Alt 1. Determined by Rmax for Mode A, determined by R per repetition number for Mode B

Alt 2. Determined by R per repetition number
	‘Determined by R per repetition number’ is related to Option 1 in Section 3.1

‘Determined by Rmax’ is related to Option 2 in Section 3.1


3 Details on search space composition
3.1 Starting subframe

In this section, we provide our views on possible starting subframe of M-PDCCH.

For starting subframes of M-PDCCH for different repetition levels, there can be two options. 

· Option 1. Starting subframe of M-PDCCH for all repetition levels are aligned (Figure 1.(a) and (b))

· Option 2. Starting subframe of M-PDCCH is defined per repetition level  (Figure 1.(c) and (d))

The choice of option can be dependent on how many L is monitored at each R. For CE Mode A, Option 1 seems okay to allow multiple candidates of different aggregation levels. For CE Mode B, Option 2 can be considered assuming only large aggregation levels (such as 8, 16, 24) will be monitored. 
Proposal 2: In CE mode A, starting subframes of M-PDCCH are aligned for all repetition numbers. In CE mode B, Starting subframe of M-PDCCH is defined per repetition number.

Regarding on the relation between "starting subframes of SS" and maxim number of R in the search space, three options are under discussion.

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

· Option B: The periodicity of starting subframes of SS can be longer than maximum number of R. One SS occurs after the starting subframe of SS. (Figure 2.(a) and (c))
· Option C: The periodicity of starting subframes of SS can be longer than maximum number of R. Search space operation continues until next starting subframe of SS. (Figure 2.(b) and (d))
We prefer Option B or Option C to align starting subframe of M-PDCCH among UEs regardless of two things. First is the periodicity of valid subframe configuration. Second is the maximum SFN (1024 radio frame) that the network supports. If the starting subframe set is implicitly derived based on SFN = 0, it should at least start over in every 1024 radio frames to avoid any confusion among UEs. For the valid subframe set, though a UE is not required to update SIB, a UE still can. If the valid subframe configuration has been changed, it is possible that different UE have different understanding on the starting subframe set if it is derived implicitly from SFN = 0. Also, per RAN2 agreement, SIB content may be updated to a UE via a dedicated signaling. In that sense, it is possible in our view that different UEs may have different understanding on the valid subframe information. Since we agree to skip invalid subframe for M-PDCCH, it implies that different UE may derive different starting subframe set counting different set of invalid subframe starting from SFN = 0 in this case. If any change occurs in valid subframe configuration, in the worst case, it may take 1024 radio frame to align among UEs with the updated information. For example, a UE has 8 invalid subframes out of 40 subframes, and then it will assume there are four starting subframes with R = 8 in every 40msec. If change occurs to have 9 invalid subframe instead of 8, then the UE should compute the starting subframe set assuming the invalid subframe number of was 9 starting from SFN = 0 since it does not know when the change in fact occurred. Depending on when each UE is updated with the new configuration, alignments among UEs can be very long. To avoid such cases, we consider explicit signaling of subframe set (periodicity) would be beneficial. One example would be to configure maximum periodicity where the starting subframe for each repetition level can reset (and thus any ambiguity from SIB update or wrap-around can be stopped within one period maximum). 

Proposal 3: The periodicity of starting subframes of SS monitoring is configured by explicit signalling.
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(a) Option 1 + Option B
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(b) Option 1 + Option C
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(c) Option 2 + Option B
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(d) Option 2 + Option C

Figure 2. Examples of starting subframe set for M-PDCCH 
Also, we think that the same frequency resource can be used among the pairs {L1, R1}, {L1, R2} and {L1, R3} with a same starting subframe (i.e., with the same L with different R shares the same frequency resource) to minimize the necessity of additional LLR buffer to handle multiple repetition levels. A simple way to accomplish this is to make hashing function Yp,k is defined based on starting subframe location of M-PDCCH for each candidate. Then, decoding candidates for same L with same starting subframe location can have same starting ECCE index as shown in Figure 3.

Proposal 4: The hashing function Yp,k to determine starting ECCE location is defined based on starting subframe location of M-PDCCH for each candidate.
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Figure 3. An example of ECCE resource for M-PDCCH decoding candidates

3.2 Aggregation levels and repetition numbers
· CSS for paging (i.e., CSS_paging)

· Aggregation levels: 
Since data transmission scheduled by CSS is targeted to multicast/broadcast, similar to PDCCH CSS, some high aggregation levels can be supported. ALs {8, 16, 24} can be supported for normal CP and ALs {4, 8, 12} can be supported for extended CP.

· Repetition numbers:

A subset of R for CSS for paging monitoring depends on the maximum R (i.e., Rmax) where Rmax is configured by SIB. To support wide range of repetition numbers, subset of R monitored for CSS_paging can be {Rmax/64, Rmax/16, Rmax/4, Rmax}.
· CSS for RAR corresponding to initial RACH procedure (i.e., CSS_RAR)

· Aggregation levels: 
Similar to CSS_paging, {8, 16, 24} can be supported for normal CP and ALs {4, 8, 12} can be supported for extended CP.

· Repetition numbers:

For CSS scheduling RAR, the subset of R depends on the maximum R (i.e., Rmax) where Rmax is configured by SIB per CE level. Subset of R monitored for CSS_RAR can be { Rmax/4, Rmax/2, Rmax}.
· CSS for others (i.e., CSS_others)

· Aggregation levels: 
Similar to CSS_paging, {8, 16, 24} can be supported for normal CP and ALs {4, 8, 12} can be supported for extended CP.

· Repetition numbers:

For CSS_others, the subset of R depends on the maximum R (i.e., Rmax) where Rmax is configured by SIB per CE level or Msg 4. Rmax can be reconfigured by RRC if necessary. Subset of R monitored for CSS_others can be { Rmax/4, Rmax/2, Rmax}. Or, to reduce UE complexity, Subset of R monitored for CSS_others can be {Rmax/2, Rmax}
· USS

· Aggregation levels:

For CE Mode A, ALs {1, 2, 4, 8, 16, 24} are supported for normal CP. ALs {1, 2, 4, 8, 12} are supported for extended CP. For CE Mode B, ALs {8, 16, 24} is supported for normal CP. ALs {4, 8, 12} are supported for extended CP.

· Repetition numbers:

For USS, the subset of R depends on the maximum R (i.e., Rmax) where Rmax is configured by SIB per CE level or Msg 4. Rmax can be reconfigured by RRC if necessary. Subset of R monitored for USS can be { Rmax/4, Rmax/2, Rmax}. Or, to support higher R to CSS_others for CE level reconfiguration reliably, subset of R monitored for USS can be {Rmax/8, Rmax/4, Rmax/2}.
Proposal 5: For USS, the subset of L {1, 2, 4, 8, 16, 24} for normal CP and {1, 2, 4, 8, 12} for extended CP are supported for CE Mode A, and the subset of L {8, 16, 24} for normal CP and {4, 8, 12} for extended CP are supported for CE Mode B.

Proposal 6: For CSS, the subset of L {8, 16, 24} for normal CP and {4, 8, 12} for extended CP are supported.
3.3 The number of decoding candidates

In legacy EPDCCH, the number of decoding candidates for each L is defined in the specification. The number of decoding candidate can be different depending on PRB-set size, transmission type, and subframe case (Case 1, Case 2, and Case 3 defined in TS 36.213). 
Similarly, the number of decoding candidates for M-PDCCH can be defined in the specification. However, the number of decoding candidate can be defined per PRB-set size, CP length and CE Mode, since subset of L and the number of decoding candidates monitored by UE would depend on PRB-set size and CE Mode.

· The number of decoding candidates for USS in CE Mode A

For USS in CE Mode A, we assumed M-PDCCH starting subframes are aligned regardless of R (Option 1 in Section 3.1) and maximum 16 decoding candidates following EPDCCH design (assuming potentially 2 DCI sizes to monitor). In this case, an example of the number of decoding candidates for each M-PDCCH starting subframe is shown in Table 1 for normal CP and Table 2 for extended CP. In Table 2.(a) and 3.(a), the number of decoding candidates is defined when 1 PRB-set is configured. Similarly, the number of decoding candidates for PRB-set 1 and PRB-set 2 are defined in Table 2.(b) and 3.(b) when 2 PRB-sets is configured. The value for L=24 in Table 2.(b) and the value for L=12 in Table 3.(b) mean the number of decoding candidates mapped into REs for PRB-set 1 and PRB-set 2 together. When 2 PRB-sets are configured, we assumed that PRB-set size of 4 for both PRB-sets is not configured.
If Option 2 in Section 3.1 is adopted, the number of decoding candidates monitored by UE simultaneously needs to be reduced. 

Table 2. The number of decoding candidates for USS in CE Mode A in case of normal CP
(a) one M-PDCCH PRB-set

	PRB-set size
	Number of decoding candidates

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

	2
	8
	4
	2
	1
	0
	0

	4
	4
	5
	4
	2
	1
	0


(b) 2 M-PDCCH PRB-sets
	PRB-set size
	Number of decoding candidates for set1, set2

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

	2
	2
	2, 2
	3, 3
	2, 2
	1, 1
	0, 0
	0

	4
	2
	3, 1
	3, 1
	3, 1
	1, 1
	1, 0
	1


Table 3. The number of decoding candidates for USS in CE Mode A in case of extended CP
(a) one M-PDCCH PRB-set

	PRB-set size
	Number of decoding candidates

	
	L = 1
	L = 2
	L = 4
	L = 8
	L = 12

	2
	4
	2
	1
	0
	0

	4
	8
	4
	2
	1
	0


(b) 2 M-PDCCH PRB-sets
	PRB-set size
	Number of decoding candidates for set1, set2

	Set 1
	Set 2
	L = 1
	L = 2
	L = 4
	L = 8
	L = 12

	2
	2
	4, 4
	2, 2
	1, 1
	0
	0

	4
	2
	5, 3
	3, 1
	1, 1
	1, 0
	1


· The number of decoding candidates for USS in CE Mode B and CSS
For USS in CE Mode B, M-PDCCH with lower R can start during the M-PDCCH with higher R reception (Option 2 in Section 2.1). In this case, the number of decoding candidates can be monitored by UE simultaneously is assumed as 4 considering LLR buffer issue.. Then, Table 3 and 4 show an example of the number of decoding candidates for each M-PDCCH starting subframe for normal CP and extended CP in CE Mode B. 

Table 4 and 5 also can be applied for CSS (CSS_paging, CSS_RAR, and CSS_others).

Table 4. The number of decoding candidates for USS in CE Mode A and CSS in case of normal CP
(a) one M-PDCCH PRB-set

	PRB-set size
	Number of decoding candidates

	
	L = 8
	L = 16
	L = 24

	2
	1
	0
	0

	4
	2
	1
	0


(b) 2 M-PDCCH PRB-sets
	PRB-set size
	Number of decoding candidates for set1, set2

	Set 1
	Set 2
	L = 8
	L = 16
	L = 24

	2
	2
	1, 1
	0, 0
	0

	4
	2
	1, 1
	1, 0
	1


Table 5. The number of decoding candidates for USS in CE Mode A and CSS in case of extended CP
(a) one M-PDCCH PRB-set

	PRB-set size
	Number of decoding candidates

	
	L = 4
	L = 8
	L = 12

	2
	1
	0
	0

	4
	2
	1
	0


(b) 2 M-PDCCH PRB-sets
	PRB-set size
	Number of decoding candidates for set1, set2

	Set 1
	Set 2
	L = 4
	L = 8
	L = 12

	2
	2
	1, 1
	0, 0
	0

	4
	2
	1, 1
	1, 0
	1


Proposal 7: The number of decoding candidate for USS can be defined per PRB-set size(s) and CE Mode.
4 Conclusion 

In this contribution, we provided our views on M-PDCCH search space. In summary, we obtained following proposals.
Proposal 1: M-PDCCH CSS for at least for TPC and RRC reconfiguration is supported.
Proposal 2: In CE mode A, starting subframes of M-PDCCH are aligned for all repetition numbers. In CE mode B, Starting subframe of M-PDCCH is defined per repetition number.

Proposal 2: In CE mode A, starting subframes of M-PDCCH are aligned for all repetition numbers. In CE mode B, Starting subframe of M-PDCCH is defined per repetition number.

Proposal 4: The hashing function Yp,k to determine starting ECCE location is defined based on starting subframe location of M-PDCCH for each candidate.
Proposal 5: For USS, the subset of L {1, 2, 4, 8, 16, 24} for normal CP and {1, 2, 4, 8, 12} for extended CP are supported for CE Mode A, and the subset of L {8, 16, 24} for normal CP and {4, 8, 12} for extended CP are supported for CE Mode B.

Proposal 6: For CSS, the subset of L {8, 16, 24} for normal CP and {4, 8, 12} for extended CP are supported.
Proposal 7: The number of decoding candidate for USS can be defined per PRB-set size(s) and CE Mode.
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