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1 Introduction

This contribution considers MPDCCH assignment procedure issues and suggests respective updates/corrections to the specifications in [1] for LC/CE UEs. 
2 MPDCCH Assignment Procedure Corrections
The following were agreed in RAN1#83:
a) The relation between starting subframes and maximum number of R is 

· Option 2: The periodicity of starting subframes of UE-SS can be longer than maximum number of R. Only one SS occurs after the starting subframe of UE-SS. 

· Note: the duration between the two adjacent starting subframes should be no less than the actual subframe duration of the maximum number of R
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For starting subframe for USS, 

·  Separate RRC parameter: 

· RAN1 recommends to have 3 bits for the signaling, and kindly ask RAN2 to specify the details of the signaling

b) For CSS for Paging, an M-PDCCH transmission always assumes all the 6 PRBs using distributed transmission
For CSS for RAR, and SS for Msg3 retx/Msg 4
a. A UE is required to monitor an M-PDCCH transmission assuming all the 6 PRBs using distributed transmission

The specifications in [1] do not capture the second agreement above. Moreover, there was agreement on the transmission type for Type0-CSS – it is proposed to use distributed transmission also for Type0-CSS.

For the first agreement, the specifications in [1] capture the following.

Locations of starting subframe 
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 are determined from higher layer configured subframe 
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 EMBED Equation.3  [image: image9.wmf], and 
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· For MPDCCH UE-specific search space, and Type0-common search space, 
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 is given by the higher layer parameter mPDCCH-startSF-UESS, 
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is given by higher layer parameter mPDCCH-NumRepetition, and 
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are given in Table 9.1.5-3.

·  For Type1-common search space, 
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 is determined from locations of paging opportunity subframes, 
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is given by higher layer parameter mPDCCH-NumRepetition-Paging, and 
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are given in Table 9.1.5-4.

The agreement from RAN1#83 refers to “Option 2: The periodicity of starting subframes of UE-SS …”. The specifications in [1] refer to a “higher layer configured subframe 
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”. However, the search space (or the subframes where the LC/CE UE monitors MPDCCH) cannot be determined if 
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 is a subframe (and it is unclear what the “subframe” identification is – e.g. within a frame, or within an SFN cycle, or …). Instead, 
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 should be a periodicity. Further, although the details of the signaling were deferred to RAN2, it is more appropriate for RAN1 to finalize this aspect. The periodicity of starting subframes can be determined from the longDRX-Cycle to align MPDCCH monitoring with “wake up” occasions. 
Moreover, with the exceptions of the narrowbands for MPDCCH transmissions associated with random access in section 6.2, the narrowbands for MPDCCH transmissions for the other search space type are not defined. Instead, [1] refers to 36.211 “A LC/CE UE shall monitor a set of MPDCCH candidates on one or more Narrowbands (described in subclause 5.2.4 of [3]) as configured by higher layer signalling for control information, where monitoring implies attempting to decode each of the MPDCCHs in the set according to all the monitored DCI formats. The Narrowband in a subframe used for for MPDCCH monitoring is determined as described in [3]” but TS36.211 currently only mentions that the narrowbands are provided by higher layer signaling. It is proposed that TS36.213 includes description of how the LC/CE UE obtains the narrowbands also for Type0-CSS, Type2-CSS, and USS.

Suggested respective corrections to [1] are:

a) Clarify that 
[image: image27.wmf]0

k

 is a subframe period, not a single subframe.    
b) Capture that MPDCCH transmission on TypeX CSS is distributed.  
c) Editorial corrections.

3 Suggested Revisions for [1]
9.1.5
MPDCCH assignment procedure
A LC/CE UE shall monitor a set of MPDCCH candidates on one or more Narrowbands (described in subclause 5.2.4 of [3]) as configured by higher layer signalling for control information, where monitoring implies attempting to decode each of the MPDCCHs in the set according to all the monitored DCI formats. The Narrowband in a subframe used for MPDCCH monitoring is determined as described in [3].

A UE that is not a LC/CE UE is not required to monitor MPDCCH.

Higher layer signalling can configure a LC/CE UE with one or two MPDCCH-PRB-sets for MPDCCH monitoring. The PRB-pairs corresponding to an MPDCCH-PRB-set are indicated by higher layers. Each MPDCCH-PRB-set consists of set of ECCEs numbered from 0 to 
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is the number of ECCEs in MPDCCH-PRB-set [image: image30.wmf]p

 of subframe [image: image31.wmf]k

. 
The MPDCCH-PRB-set(s) can be configured by higher layers for either localized MPDCCH transmission or distributed MPDCCH transmission.
The set of MPDCCH candidates to monitor are defined in terms of MPDCCH search spaces.
The LC/CE UE shall monitor one or more of the following search spaces

· a Type0-MPDCCH common search space if configured with CEmodeA, 

· a Type1-MPDCCH common search space, 

· a Type2-MPDCCH common search space, and 
· a MPDCCH UE-specific search space. 

A LC/CE UE configured with CEModeB is not required to monitor Type0-MPDCCH common search space.

The LC/CE UE is not required to simultaneously monitor MPDCCH UE-specific search space and Type1-MPDCCH common search space.

TheLC/CE UE is not required to simultaneously monitor MPDCCH UE-specific search space and Type2-MPDCCH common search space.

Only distributed MPDCCH transmission is used in Type0-MPDCCH common search space, Type1-MPDCCH common search space, and Type2-MPDCCH common search space.

An MPDCCH search space 
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 and repetition level 
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is defined by a set of MPDCCH candidates where each candidate is repeated in a set of 
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 consecutive LC/CE downlink subframes starting with subframe 
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, the ECCEs corresponding to MPDCCH candidate m of the search space 
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is the number of MPDCCH candidates to monitor at aggregation level
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  in MPDCCH-PRB-set [image: image44.wmf]p

 in each subframe in the set of 
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 consecutive subframes. 
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for MPDCCH UE-specific search space is determined as described in subclause 9.1.4, and 
[image: image47.wmf]0

,

=

k

p

Y

for Type0-MPDCCH common search space, Type1-MPDCCH common search space and Type2-MPDCCH common search space.
A LC/CE UE is not expected to monitor MPDCCH in subframes that are not LC/CE DL subframes.

The aggregation and repetition levels defining the MPDCCH search spaces and the number of monitored MPDCCH candidates are given as follows. 

For MPDCCH UE-specific search space

· if the LC/CE UE is configured with 
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=4 PRB-pairs, and mPDCCH-NumRepetition=1, and 
· if the MPDCCH-PRB-set is configured for distributed transmission, the aggregation levels defining the search spaces and the number of monitored MPDCCH candidates are listed in Table 9.1.4-1a and Table 9.1.4-1b, where 
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 is substituted with 
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· 
if the MPDCCH-PRB-set is configured for localized transmission, the aggregation levels defining the search spaces and the number of monitored MPDCCH candidates are listed in Table 9.1.4-2a and Table 9.1.4-2b, where 
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· otherwise

· if the UE is configured with CEModeA, and  
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=4, the aggregation and repetition levels defining the search spaces and the number of monitored MPDCCH candidates are listed in Table 9.1.5-1a

· if the UE is configured with CEModeA, and  
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=2+4 , the aggregation and repetition levels defining the search spaces and the number of monitored MPDCCH candidates are listed in Table 9.1.5-1b

· if the UE is configured with CEModeB, and  
[image: image61.wmf]p

X

N

RB

'

=2 or 
[image: image62.wmf]p

X

N

RB

'

=4, the aggregation and repetition levels defining the search spaces and the number of monitored MPDCCH candidates are listed in Table 9.1.5-2a

· if the UE is configured with CEModeB, and  
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=2+4 , the aggregation and repetition levels defining the search spaces and the number of monitored MPDCCH candidates are listed in Table 9.1.5-2b
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is the number of PRB-pairs configured for MPDCCH UE-specific search space and is given by the higher layer parameter numberPRB-Pairs-r13. 
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are determined from Table 9.1.5-3 by substituting the value of 
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 with the value of higher layer parameter mPDCCH-NumRepetition.

The PRB-pairs within a Narrowband corresponding to an MPDCCH-PRB-set are indicated by higher layers and are determined using the description given in subclause 9.1.4.4. 

If higher layer configuration numberPRB-Pairs-r13 for MPDCCH-PRB-set [image: image70.wmf]p

is 6, 
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=2+4, and the number of PRB-pairs in an MPDCCH-PRB-set [image: image72.wmf]p

= 2+4.

If the number of PRB-pairs in an MPDCCH-PRB-set [image: image73.wmf]p

 is 2+4, 

· PRB-pairs of the 2 PRB set in the 2+4 PRB set correspond to PRB-pairs with the smallest two PRB indices in MPDCCH-PRB-set [image: image74.wmf]p

.
· PRB-pairs of the4 PRB set in the 2+4 PRB set correspond to PRB-pairs with the largest 4 PRB indices in MPDCCH-PRB-set [image: image75.wmf]p

.
· PRB-pairs of the 2+4 PRB set in the 2+4 PRB set correspond to all PRB-pairs in MPDCCH-PRB-set [image: image76.wmf]p


Table 9.1.5-1a: MPDCCH candidates monitored by a LC/CE UE 
(CEModeA, MPDCCH-PRB-set size – 2PRBs or 4PRBs)
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Table 9.1.5-1b: MPDCCH candidates monitored by a LC/CE UE 
(CEModeA, MPDCCH-PRB-set size – 2+4PRBs)
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	2 PRB set in 2+4 PRB set
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	4 PRB set in 2+4 PRB set
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	2 PRB set in 2+4 PRB set
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	4 PRB set in 2+4 PRB set
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	0

	Both PRB sets in 2+4 PRB set
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Table 9.1.5-2a: MPDCCH candidates monitored by a LC/CE UE 
(CEModeB, MPDCCH-PRB-set size – 2PRBs or 4PRBs)
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Table 9.1.5-2b: MPDCCH candidates monitored by a LC/CE UE 
(CEModeB, MPDCCH-PRB-set size – 2+4PRBs)

	MPDCCH PRB set
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	2 PRB set in 2+4 PRB set
	r1
	0
	0
	1
	0
	0

	4 PRB set in 2+4 PRB set
	
	0
	0
	0
	1
	0

	Both PRB sets in 2+4 PRB set
	
	0
	0
	0
	0
	1

	2 PRB set in 2+4 PRB set
	r2

	0
	0
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	0
	0

	4 PRB set in 2+4 PRB set
	
	0
	0
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	Both PRB sets in 2+4 PRB set
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	2 PRB set in 2+4 PRB set
	r3

	0
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	4 PRB set in 2+4 PRB set
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	Both PRB sets in 2+4 PRB set
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	1

	2 PRB set in 2+4 PRB set
	r4
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	4 PRB set in 2+4 PRB set
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	Both PRB sets in 2+4 PRB set
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Table 9.1.5-3: Determination of repetition levels
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Table 9.1.5-4: Repetition levels for Type1-MPDCCH common search space
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 For Type0-MPDCCH common search space

· if 
[image: image101.wmf]p

X

N

RB

'

=2, 

· 
[image: image102.wmf])

'

(

'

L

p

M

=1 for 
[image: image103.wmf]'

L

=8 and repetition levels 
[image: image104.wmf]1

r

,
[image: image105.wmf]2

r

, 
[image: image106.wmf]3

r

, 
[image: image107.wmf]4

r

 given in Table 9.1.5.-3. For all other cases, 
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For Type1-MPDCCH common search space, the number of PRB-pairs in MPDCCH-PRB-set [image: image125.wmf]p
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 where the repetition levels are determined from Table 9.1.5-4 by substituting the value of 
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with higher layer parameter mPDCCH-NumRepetition-Paging. 

· For all other cases, 
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For Type2-MPDCCH common search space, the number of PRB-pairs in MPDCCH-PRB-set [image: image134.wmf]p

is 2+4 PRB-pairs, and

· for PRACH coverage enhancement level 0 and 1, the aggregation and repetition levels defining the search spaces and the number of monitored MPDCCH candidates are determined from Table 9.1.5-1b, by assuming that the number of candidates for 
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· for PRACH coverage enhancement level 2 and 3, the aggregation and repetition levels defining the search spaces and the number of monitored MPDCCH candidates are determined from Table 9.1.5-2b, where 

where 
[image: image136.wmf]1

r

,
[image: image137.wmf]2

r

, 
[image: image138.wmf]3

r

, 
[image: image139.wmf]4

r

are determined from Table 9.1.5-3 by substituting the value of 
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 with the value of higher layer parameter mPDCCH-NumRepetition-RA.

Locations of starting subframe 
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· For MPDCCH UE-specific search space, and Type0-common search space, 
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 is given by the higher layer parameter mPDCCH-startSF-UESS, 
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is given by the higher layer parameter mPDCCH-NumRepetition, and 
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are given in Table 9.1.5-3.

·  For Type1-common search space, 
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 is determined from locations of paging opportunity subframes, 
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is given by higher layer parameter mPDCCH-NumRepetition-Paging, and 
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,
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, 
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are given in Table 9.1.5-4.

If the LC/CE UE receives PDSCH carrying SystemInformationBlockType1-BR or other SI messages in subframe 
[image: image163.wmf]k

, the LC/CE UE shall assume MPDCCH in the subframe 
[image: image164.wmf]k

 is dropped.
4 Conclusions

This contribution proposes the updates in the previous section for the MPDCCH assignment procedure.
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